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ROCHESTER, 


S team. 
Road Rollers & Tractors. 


umford, L'4 


+ * 

OULVER STREET WORKS, COLCHESTER, 
On ADMIRALTY AND Wak OFFICE Lists. 
ENGINES for Torpedo Boats, Yachts, Launches. 
BOILER FEED PUMPS. 

See advertisement pages 24 and 25. 


PATENT WATER-TUBE BOILERS 
AUTOMATIC FEED REGULATORS. 


And Auxiliary Mnqlalts: as supplied to ge 


Dredgize pliant 


OF ALL DESCRIPTIONS. 
FLOATING CRANES. COAL BUNKERING 
VESSELS. 


1108 








Werf Conrad, y@Atuem™. 


stag” MARINE WORKS, Lrp., Friars Ho 
9-41, New Broap St., LONDON, E.C. 2. 
See half page Advert. last week and next week. 


(\RANES. All Types. 


GEORGE RUSSELL & CO,, LTD. 
Motherwell. 37 


STEEL TANKS, PIPES, GASHOLDERS, 9 
I[thos. Piggott & Co., Limited, 


IRMINGHAM. 1241 
See Advertisement last week, page &. 


(B32 ews & K*, irke 
PATENT 

Sele Makers: SPEROHT BONROOURT, he en 
Parliament Mansions, Victoria St., London, S.W. 


ank Locomotives. 
Spesiteation coat Workmanship equal to 


in Line motives. 
R. & W. HAWTHORN, LESLIE & CO. Lrp., 
ENGINEERS, NEWCASTLE-ON-TYNE, 1133 


MULISaTE AND 
(Yochran SS-TUBE TYPES. 
Boilers 
1134 


EK. J. Davis, M.I Mech.E., 


Gas Dugas Inspected, Tested and 
Reported upon. Over 25 years’ experience. Tel. : 
736 and 737 Stratford. Wire: ‘ es sige ( 
—Great Eastern Koad, Stratford, H.15. 


Pretts Patent ] ptter Co. 


ammers, Presses, Furnaces, 
COVENTRY. 


[=vincible (J.auge (lasses. 


BUTTERWORTH BROS., Ltd., 
Newton Heath Glass Works, 
~ Manchester. i Od 9753. 


Prtents and Trademarks :— 

inventors Advise, Handbook and Consult- 
ations free.~KINGS PATENT AGENCY, LTD. 
- 7. } “ing, Director), 146a, Queen Victoria "Street, 
Londor . 36 years refs, 1208 


Puller, Horsey, Sons & pepe 
casing oF yf 
SALE AND: ‘VAuvarion 
PLANT AND. "MACHINERY 


ENGINEERING WORKS. 
il, BILLITER SQUARE, B.C.3. 


Tron and Steel 
ubes and Fittings. 


oh Licensees in Great Britain for the mensitacture 
Armce" Rust we cay ge Resisting Iron = 


The Scottish. “Tube Co., Ltd., 


Huap Onvige Robertson Street, Glasgow. 
- Aleedineanen, page 69, June 8, 


OUBE, 
1382 

















See page 17. 
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PASSENGER AND CARGO STEAMERS, 


SHALLOW DRAFT VESSELS. iia 


({ampbells & Hmter, LE}: 


Gear Cutting. 











STEEL. 





Worm Wheels cut up to 13 ft. diam. © 
Bevel and Mitre Wheels planed up to3 ft. diam. 
Spur Wheels cut up to 9 ft. diam. 
DOLPHIN FOUNDRY, LEEDS. 4547 
PORTSMOUTH, 
SHIP & LAUNCH BUILDERS, Od 3551 
ENGINEERS & BOILER ae ERS. 
SPECIFY 
C hain. —WELDLESS 
The Strongest Chain in the World. 
Sole Manufacturers: WELDLESS CHAINS, Lrp., 
50, Wellington Street, GLASGOW. 898 
IL FUEL APPLIANCES, 
QO Systems 
PressuReE, Arr, STEAM 
For Boilers of ali types. 
KERMODES LIMITED, 
35, The Temple, Dale Street, 
Liverpool. . 
Naval . Outfits a Speciality, 
also for Merchant Ships, for 
Factories, Locomotives, and 
Industrial Process Furnaces 
, of all kinds, 
Supplied to. the . British and 
other Governments. 
Telephone No.: Central 2832. 
Telegrams: ‘ Warmth.” 


ocomotives Tank Engines 
ed and constructed by 

DLE AND COMPANY, Liurrep, 
né Works, Leeds. _ Od. 2487 
sement, page 89, last week. 
ILWAY AN WAY ROLLING STUCK, 


H=. Nelson & (Co L}4. 


THe Giascow Rotiie Srock anpD PLANT Renee 
MoTHERWELL. Od -3383 


R Y. Pickering & Co., Ltd. 
. (EsTABLISHED 184.) 
BUILDERS of RAIN. WAY pAkeehais & WAGONS 
MAKERS of WHMELS and AXLES of all kinds, 
RAILWAY joined FOR HIRE. 


Chief a, ae Office 
HAW, sor - GLASGOW. 


4078 





MANNING Wa 
oyne 
See their Illus. Adve 








London ies Od 8353 
3, VICTORIA STREET, WESTMINSTER, S.W. 


enry Butcher & Co., 


VALUERS anp wiht 
7 for ~ 
SRGINBERING AND ALLIED ‘TRADES 
and i 
‘ INDUSTRIAL PROPERTIES. 9866 
ee and herd CHASOMRE LANE, LONDON, Ww. C. 2. 


Rosser and Russell: Ltd., 
MEcHANICAL ENGINEERS. 
QUEEN’S WHARF, HAMMERSMITH, W. 
Undertake SPECIAL’ MACHINE WORK 
tied any description. 
WELL EQUIPPED SHOP. 
‘ LATHE WORK up to 10 ft. diameter. 
' Phone: Hainmersmith 31, 967, 


Pp & W.. MacLellan, Litd., 


CLUTHA WORKS, are: 


CARMIAGHS A 
RAILWAY CARRIAG ‘AND WAGONS 
OF EVERY DESCRIPTION. ~ 
RAILWAY IRONWORK, BRIDGES, ROOFING, £c. 
Chief Offices: 129, Trongate, Glasgow. Od 8547 
Registered Offices: Clutha aen 10, Princes St., 
Westminster, S.W. 1. 





AUCTIONEERS, 





of 








9211 : 


MILLWALL, LONDON, BE. 
GENERAL CoNsTRUCTIONAL ENGINEERS, 
Boilers, Tanks, & Mooring Buoys 
Strzts, Perron Tanks, AIR RECEIVERS, STEEL 
CHIMNEYsS, RIVETED STEAM AND VENTILATING PIPES, 
= SprciaL Work, REPAIRS OF ALL KINDS. 


IRON & STEEL 


Tubes AND Fittings 
Steel Dives. 


~ |Szewarrs AND | ALOYDS, I dtd. 
GLASGOW - BIRMINGHAM - LONDON. 
: See Advertisement, page 54. 1111 


eter rotherhood td., 
P seeonmom L 


STEAM BNGINES AND TUR 
ie ng OIL ENGIN 

R COMPRESSORS. 
REFRIGHRATING PLANT. 


See Advertisement, page 54, June 8. 


earing for Power Trans- 


MISSION, 
greg re teem Machine Moulded GEAR WHEKLS up 
eet d 
FLY WHEELS (rope or hag my up to 28 feet dia.; 
IRON CASTINGS up to 15.tons each, in ™m, 


1216 








BINES. 
Ks. 


1475 





FEED WATER HEATERS, 
CALORIFIERS, EVAPORATORS, 
CONDENSERS, AIR HEATERS, 
Merrill's Patent TWIN STRAINERS for Pump 
Suctions. 
SYPHONIASTEAM TRAPS, REDUCING VALVES 


hee GUNMRETAL STEAM FITTINGS. 
ATER SOFTENING and FILTBRING. 8125 


YARROW * Sisltsy, ™- 


RoWw’s 
PATENTS, 





LAND AND MARINE 


YARROW BOILERS. 
819 


Matthew pal & (Co | t4. 


163 
LEVENFORD Works, Dumbarton. 
See Full Page Advt., page 59, May 25. 


Foreings. 
W alter omers,. Limited; 
HALESOWEN... 7116 
I['aylor & (Challen 


resses 
For Production of SHEET METAL WORK, 
COINAGE, CARTRIDGES AND GUNPOWDER. 
Foundry, Works, and Showrooms : BIRMINGHAM. 








See advert., page 93. May 25.- 8195 


He W Wnghtson & Co: 


LIMITED. 


See Advertisement page 60. 





Dry or Green Sand ; 
ENGI 7 Oh * 4 Corliss” or daly, Valve. 
CLAYTON, GOODPEULOW & zx | LTD., 

Atlas Works, BLACKBURN” 1249 

: I ‘he Glasgow Railway 

Engineering Com an 

GOVAN, GLAS Sow P mh 
London Office—12, Victoria oa 8. we 


MANUFACTURERS 0: 
RAILWAY CARRIAGE WAGON. & TRAMWAY 
WHEELS & AXL 
ones me wAsee ON IRONWORK, also 

E BOXES. 1234 





Or, Responsible Engineer 
REQUIRED in each works as Agent for our 
Course of Mrattien in Automobile Engineerin 
SOUTHERN ENGINEERING Nerirere, 
Newdigate, Surrey. 752 


atents iPS. PooMane 
E. P. Alexander & Son, 
CHARTERED PATENT AGENTS, 
306, HIGH HOLBORN, LONDON, W.C. 
(Established 1874.) 
Telephorie : Central 7424. 


Phone—Holb. 541. Tele.—Andrubo, Holb., London. 
A ndrews & Beaumont, 


CHARTERED PATENT AGENTS, 1292 
29, Southampton Buildings, London, W.C. 2. 





Od 585 





ement.—Maxted & Knott, 
Lrn. seenting Comes Engineers, ADVISE 
GENBHAL ILY on pro Cement Schemes FOR 
ENGLAND. AND ROAD. ADVICE ONLY. 
Highest Tecegnuta. Established 1890. 





9762 





Address, BURNETT AVENUE, HULL, 
SPECIAL MACHINERY, try— 
THOMAS HUNT & SONS; 


Cablegrams: “‘ Energy, Hull.” - 
For Your Repairs or. any 
Albion Ironworks, 
Bridge Road West, Battersea, $.W. 11. 
Est, 1854. 


1484 


Railway 


G witches and 


rossings. 


T. SUMMERSON & SONS, LIMITED, 
DARLINGTON, 


Tuer GLascow Roiitere Stock anp PLanT WORKS. 


urst, Nelson & Co., Ltd., 


BuildersofRAILWAYCARRIAGES,WAGONS 
ELECTRIC CARS, and FVERY. OTHER DESCRIPTION 
or RAILWAY and TRAMWAY ROLLING STOCK, 
Makers of WHEELS and AXLES, RaAtLway PLawt, 
Foreines, SMirH Work, Iron & Brass Castings, 

PRESSED STE£L WORK OF ALL KINDS, 

Registered Office and Chief Works: Motherwell. 
London Office: 14, Leadenhall Street, B.0. Od3382 


MAOCHINE-CUT 


D.BS. GEARS 


of every description. 








: 1440 

Davi Brown & Sons ciuaa.) Lrp., 

Lockwood oie ts - Huddersfield, 
ON ADMIRALTY LIST. 





ohn Kirkaldy, Ltd., 


T.ondon Office; 101, LEaDENHALL Sr., B.C. 3, 
Works; Burst Mizu, near HaRLow, Essex, 
Makers of 
Evaporating and Distilling Plants. 
Refrigerating and Ice-making Machinery. 
Feed mae eaters. 
Evaporato: 
Fresh Water Distillers. 
Main Feed Pumfs. 
Combined Circulating and Air Pumps. 
Auxiliary Surface Condensers. 

&e., &e.. 





(jarels 


Diesel & Gteam 


ngines. 





Power and ot aed of Vessels. ae 
—Practical Course of Instruction by Correspon- Canens DiesEL & Steam Hyatnes (Lonpoy), LTp., 
dence,—Address, for particulars and {Pace 1463, Carlton House, Regent seas P es 8.W. 1. 
anit seme gay 1463 Telephone: Regent 

















Cenirifugals. 


Pott (Cassels & PV illiameon, 


MOTHERWELL, SCOTLAND. 


939 
See half-pige Advertisement, page 66, June 8. 
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Scena 


4 ’ 
[ihe Manchester Steam. Users’ 
ASSOCIATION, 

For the prevention of Steam Boiler Explosions and 

for the attainment of Kconomy in the Application 
of Steam. 9, Mount STREET, MANCHESTER 

Chief Engineer: C. E. STROMBYER, M,I.C.E. 

Founded 1654 by Sir Wa.L1AmM FarRBarRy, 

Certificates of Safety issued under the Pactory and 

Workshops Act, 1901. Compensation for Damages 

and Liabilities psid in case of Explosions, Engines 

and Boilers inspected during construction. 1311 


PATENTS AND Desians Acts, 1907 & 1919. 


° e 4° se 
Notice is Hereby Given that 
John Garfield Atkinson, of Dalton House, 
64, Stockton Street, West Hartlepool, seeks leave 
to amend the Specification of Letters Patent 
No. 192984 entitled *‘Improvements in Railway 
Chairs, Chair Keys and Wedges.” 

Particulars of the proposed amendment set forth 
in the Illustrated Offi ial Journal (Patents), issued 
on the 6th June, 1923. 

Any person, or persons, may give notice of 
Opposition to the Amendment by leaving Patents 
Form No. 19 at the Patent Office, 25, Southampton 
Buildings, London, W.C. 2, within oné calendar 
month fromthe date of the said Journal, 

W. TEMPLE FRANKS, . 
Comptre! 'er-General, 


4 - 

(Sorrespondence Gourses for 

Inst; Civil Engrs.,Inst, Mech. ®., London Univ. 
(Matric, Inter, BSe.),-and All ENGINEERING 
EXAMINATIONS personally conducted by: Mr. 
TREVOR W. PHILLIPS, B.Sc, (Honours), Assoc. 
M.Inst.C,B,, M.R.8.1., F.R.S.A,, &c. Also Day 
Tuition in Office: » Excellent results at all Exams. 
Courees “may commence at any time, and all 
Stadents receive indiviiual tuition.—For full par- 
ticulars apply to 8/11, Trarrorp CHAMBERs, 58, 
Sourn Jouy Srreet, LIVERPOOL. 1295 


Poxsineering Salesmanship 
and SALES; MANAGEMENT.—Write for 
brochure describing our special Course of training 
for posts of unlimited scope in this lucrative field.— 
DIRECTOR, Inatitute of <Hngineering Salesman- 
ship, 333, Oxford Road, Manchester. 1401 


A837 











TENDERS. 





"Menders ‘ate* Invited...by the 

BRITISH” COTTON & WOOL DYERS’ 
ASSOCIATION for the ERECTION of a OIR- 
CULAR BRICK CHIMNEY, some 155: feet>in 
height, with an external diameter of approximately 
16 feet, in the Halifax District: 

Contractors witt in the first instance get into 
touch with the CHIEF ENGINEER, 22, Cumber- 
land Street, Manchester, who will supply full 
details, 

The Association does not bind itself to accept the 
lowest or any Tender. 

A 824 





COUNTY BOROUGH OF-SALFORD. 
ELECTRICITY DEPARTMENT. 
AGEOROFT POWER STATION. 

The Corporation invite 


[lenders for: the following 


WORKS ;— 

1, SUPPLY and LAYING 33,000 volt CABLES 
between. Agecroft Power Station and 
Frederick Road Works, 

2. Nine Single-phase TRANSFORMERS and 
One spare 0 K.¥V.A., each to form 3— 
18,000 K.V A. banks. 

3. Pee oe ne and ASH-REMOVAL 

. . 

Specifications, General Conditions and Form of 
Tender, may be obtained from Mr. J, A. ROBERTSON, 
M.I.M.K., 1.Mech.E., 20, Brazennose Street, 
Manchester, upon payment of a deposit of £1 1s, for 
each Speoiticasion, which amount wil. be returned 
upon receipt of a bona Aide Tender. 

Additional copies of the Specifications may be 
obtained upon peement of 5s, per copy, which will 
not be returned, a“ 

Sealed Tenders, addressed to the Chairman of the 
Hlectricity Committee, should be delivered at the 
Town Hall, Salfird, not later than Ten a.m, on 
Monday, the 2ad July next. 

The Corporation do not bind themselves to accept 
the lowest or any Tender, 

L, CG, EVANS, Town Clerk. A 808 


CORPORATION OF DUBLIN. 
WATERWORKS AND MARKEYS COMMITTER. 


TO MANUFACTURERS OF WATER 
MEASURING APPARATUS. 


The Waterworks aud Markets Committee of the 
Corporation of Dublin are prepared to receive 


[fenders for the Supply and 
FIXING of Three PITOMETER RECORDEKS 
upon their Arterial Water Mains at. the ‘Pressure 
Gauge Station, Leeson Street, in the City of Dublin, 
in accordance with Conditions of Contraet, Des- 
erlptive Particulars, and Plan, whieh may be 
obiained at the Office of the-Borough Surveyor and 
Waterworks Engineer, 28, Castle Street, Dublin, on 
application, any week-day between Teti am. and 

ve pan. (Saturdays, Ten a.m. to One p.m). 

The Contractor whose Tender is accepted will be 
required’ to enter into,.a«Contract with the 
Corporation under Seal. 

Tenders, seated and,endorsed . !* Tender. for Pito- 
meters," should be addressed, to. the Chairman, 
Waterworks and Markets Committee, Fishamble 
St reet, Dublin, and delivered not later than Twelve 
o'clock noon on Monday, the 25th day. of June, 1923. 

The lowest-or any. Tender will not-necessarily be 
accepted. “ oa 

ve By Order; ; : 

. JOHN J. MURPHY, 

Town Olerk, 
Secretary, Waterworks and Markets Committee. 
Fishamble Street; ‘Dublin, 
8th June, 1923, ~~~" A 186 


- 


. 


COUNTY BOROUGH OF SOUTHAMPTON. 
” GENTRIFUGAL- PUMP. 
The Corporation invite * 


f / ‘enders for the Supply and 
ERECTION of One 8in. CENTRIFUGAL 
PUMP, CHARGING SET and ELECTRICAL 
EQUIPMENT, at the Portswood Sewage Farm. 
Particu'ars and Form of Tender may be obtained 
and Conditions of Contract inspected at the Borough 
Engineer's Office, 33, French Street, Southampton. 
Seale? Tenders, endorsed ** Tender for Centrifugal 
Pump,” must be delivered at the Town Clerk’s 
Office Sy Twelye o’clock at noon on the 29th inst. 
The Oorporation do not bind themselves to accept 


any Tener. 
R. R. LINTHORNE, 
Town Clerk, 
ith Inne, 1923. A 790 
ADMINISTRATIVE COUNTY OF LONDON, © 





The London County Council invites 


(T'enders. for One 8 ft. and Two 
6 ft. diameter PENSTOCKS; complete with 
Operating Gear, for a Pumping Station now -in 
course of erection at St. James’ Street,:Hammer- 
smith, W.6. 

Persons desiring to submit Tenders may obtain on 
and after Monday, 18th June, 1928, the Drawings; 
Specification, Form of Tender, etc., on application 
to the Chief Engineer at the Old-County Hall, 
Spring Gardens, 5.W.1, upon paymentof the sum 
of £5. This amount will be returnable only if the 
tenderer shall’ have sent.in a tona-jide Tender and 
shall not have withdrawn the same. Full particulars 
of the work niay Leo >tained on personal application, 
andthe Drawings, Specification and other contract 
documents. may be inspected at the Old County 
Hall before payment of the fée. 

No Tender received by the Clerk of the Council at 
the County Hal!, Westminster Bridge, 8.0.1, after 
Four p.m. on Monday, 2nd July, 1923, will bé 
considered, wd gg 

The Council does not bind itself to accept the 
lowest or any Tender. °° 

JAMES BIRD, 
Clerk of the London County Council.. A 814 


“THE SUUFH INDIAN RAILWAY COMPANY, 
I “ 





ED, 


are prepared to receive 


[['enders for the Supply of :— 


1. FISHBOLTS, SPIEKS, etc 

2. SWITCHES AND CROSSINGS.AND 
SPARE PARTS (Metre Gauge). 

3. STEEL FISHPLATES (Special Pattern). 

Specifications ar.d Forms of Tender will he 
available at the Company’s Offices, 91, Petty 
France, Westminster, S:W, 1. 

Tenders, addressed to the Chairman and Directors 
of the South Indian Railway Company, Limited, 
marked ‘Tender for Fishbolts, Spikes, ete.,” or 
as the case may be, must be left with the under- 
signed not later than Twelve Noon on Friday, the 
2vth June, 1923, 

The Directors do not bicd themselves to accept 
the lowest or any Tender. 

A-charge, which will not be returned, will be 
mede of 10s. for each copy of Specifications Nes. 1 
and 2, and of 5s. fer each copy of Specification No. 3. 

Copies of the Drawings may be obtained at the 
Offi¢es of Messrs. Ropert HITE & PARTNERS, 
Consulting Engineers to the Company, 3; Viétoria 
Street; Westminster, 8.W. 1. 

A, MUIRHEAD, 


Managing Director. 
91, Petty France;S.W.1. - ; 
Sth June, 1923. A 797 


THE BENGAL AND NORTH WESTERN 
RAILWAY GOMPANY, LIMITED, 





The Directors are prepared to receive 


[renders for the Supply of :— 


(a) 1,090BUFFERS,&c.,forOarriages andWagons. 
(b) 400 TYRES, ” ” 
(c) 216 TYRES, ,, ,, Locomotives. 
(a) . MILD STEEL ANGLES, PLATHS, &e. 
as per Specifications to be, seen at. the Company’s 
Offices. 

Tenders, addressed to the undersigned, and 
marked *‘ Tender for Buffers, &o.,” or as the case 
may be, are to be lodged not later than noon on 
Friday, the 6th day of July, 1923) 

For each Specification a fee of 10s. will be 
charged, which cannot, under any circumstancés, 
be returned, 

The Directors do not bind themselves to accept, 
the lowest or any Tender. 

By Order of the Board, 
; K. A. NEVILLE, 
Managing Director. 
237, Gresham House, Old Broad Street, 
London, E.C.2., 

8th June, 1923 A 794 

CiTY & COUNTY OF NEWCASTLE-UPON-TYNE. 


NEWCASTLE-UPON-TYNE CORPORATION 
“ACT, 1904. 





QUAY EXTENSION—EAST OF OUSEBURN. 
SINGLE STORY TRANSIT SHED, 


The Trate and Commerce.Committee of the 
City Council ate prepared to receive 


['enders for the Construction, 
ERECTION and MAITENANCE of aSINGLE 
STORY TRANSIT SHED, about ’4,9 0 square yards 
in area, The Contract. will inelude Steel Work, 
Corrugated> Iron Roof Covering, Sliding Doors, 
Glazing, etc. On and after Monday, June 18th, 
1923, and’ after“ payment ‘of 23 3s to the City 
Preasurer, Town Hali, Newcastle-upon-Tyne (which 
sum ‘will be returhed on receipt of a bona fide 
Tender), copies of the General Conditions, Specifita- 
tion, Bill of Quantities and Form of Tender can be 
obtained and Drawings inspected at the Office of the 
City Engineer, Town Hall, New¢astle-wpon-Tyne. 

Tenders, addressed tothe City Engineer, and 
endorsed * Tenders for Single Story Transit Shed,” 
tobé delivered not later than ‘Ten a.m, on Monday, 
July 2nd, 1923, . : 

The Committee does not bind itself to accept the 
lowest or any Tender, 

By Order, A. M. OLIVER, Town Clerk, a 

78 





Hall, Neweastle-upon-Lyne. June, 1993, 


METROPOLITAN BOROUGH OF ISLINGTON. 





“THE CLEANSING COMMITTER invite | 
(Tlenders for the Purchase of 

|_® 3) HP: CROSSLEY GAS ENGINE at 
Liverpool Depot, N.1. The engine is used for 


driving the chaff-cutting machinery, etc., and may |‘ 


be seen at work by arrangement with the Cleansing 
Superintendent, Liverrool Road Depot, N.1 
enders, endorsed “Tender for Purchase of 
Gas Engine,” should b3 delivered to the 
undersigned not later than Noon on Tuesday, 
26th June, 1923, 
By Order, 


0. G. E, FLETCHER, 
Town Clerk, 


Islington Municipal Offices. 
= iyndite Place, ; A8i8 


ndale Place, N.1. 





GOVERNMENT OF MYSORE, 


y I lenders are Invited for the 
Supply of :— 
cette 12,660 feet of 16 in. 
Ces STEEL PIPING. 

fhe Specification and Form of Tender may be 
obtained at theaddress given below on payment of 
10s, 6d. (which is not returnable). 

Tenders must besentin to same address not later 
than noon on Friday, 22nd June, and clearly 
marked “ Tender for Steel Piping.” 

The Government do not bind tremselves to.accept 
the lowest or any Tender. 

Mysore Government Office, 

Sentinel! House, 


Southampton Row, W.C. 1. A 836 








APPOINTMENTS OPEN. 





UNIVERSITY OF DURHAM, 
. ———— . 


ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. 


LECTURER IN CIVIL ENGINEERING. 
The Council of Armstrong College invite 


A pplications fora Lectureship 
in CLVIL ENGINEERING. 

Candidates must be-qualified to teach Surveying 
and have. practical experience and a University 
degree. Salary £350 to £100 per annum according 
to qualifications. Duties’ commence ist October, 
1923. Ten copies of applications, and of not more 
than three testimonials, should reach the under- 
signed not later than 7th Soot 1923. 

om . 
Registrar, 
Armstrong College. <A 787 


WEST HAM MUNICIPAL COLLEGE, 
Romford. Road, Stratford, EB. 15. 


pplications are Invited for 
s the post’ of FULL-TIME ASSISTANT 
TEACHER In the DEPARTMENT of ENGINEER- 
ING, from candidates with University Degree and 
Works experience. Salary in accordance with the 
Technical Burnham Scale for the London Area, 
less 5 per cent., and subject: to deduction for 
superannuation.: 

Forms of Application may’ be obtained fiom the 
PRINCIPAL, and should be returned not later than 
the 5th July, 1923. 
GEO. E. HILLEARY, 

: Town Clerk. A 816 





MINISTRY OF TRANSPORT. 
ROADS DEPARTMENT. 
TEMPORARY ENGINEERS. 


A Pplications are Invited 
- for a Number of TEMPORARY 
APPOINTMENTS as ENGINEERS, at 

salaries of £400 to £500 per annum inclusive,’ These 
appointments are in connection with road schemes 
throughout England and Wales, and the majority of 
the appointments will be in the provinces. Practi- 
cal experienced men. with knowledge of local 
administration. and of modern road and bridge 
construction are required ‘and preference will be 
iven to men who have served in His Majesty’s 

‘orces, 

Forms of applications can be obtained from the 
ESTABLISHMENT OFFICER, MINISTRY OF 
TRANSPORT, 6, Whitehall Gardens, S.W.1. 
Applications can only be received on the recognised 
forms, and should reach the Ministry of Transport 
on or before the 23rd instant. A 813 





SURREY COUNTY COUNCIL. 
HIGHWAYS AND BRIDGES DEPARTMENT. 


pplications are Invited for 
the APP TMENT of-FLRSL ASSISTANT 


ENGINEER, who is required to be a Corporate | 


Member, of Institution of Civil Engineers, to bave 


| hac-a thorough experience in surveying, preparation 


of drawings, Specifications and quantities for. road 
and bridge constriction and. in the repair of roads, 
asphaltic materials, and not over 40 years of age. 

The appointment will be ranked asan_ officer of the 
third class, carrying a salary commenting at £395 
per annum, rising by annualincrements, subject to 
approved service, ‘of £15 to £500, and ‘will be au 
Establi- hed Post. under the Council's Superannuation 
Scheme, . It will be determinable at the pleasure of 
the Council, at three months’ notice in writing on 
either side, and be subject to the standing orders of 
the Council relating to whole time duty, travelling 
and subsistence allowances and the other conditions 
of the sérvice.: Applications should ‘be forwarded to 
the County Surveyor at the aeeeenten address 
on or Before 28th day of June, 1923. 

‘ : $ T, W, WHEDING, 

Aen Clerk of the Council. 

Hall,’ 


ingston-u 


Axe 
Pectrical Engineer, Young, 





Count 
"Kin 


-Thames, 4 a 


l4th June, 1923. 


LV anted, Assistant, Qualified 


* 0 survey large factory establishment, 
out dimension and eathnats capital cost of instal} 
and operating, expenses of heating plant for build 
and process heating on low ure feed 
vacuum return system. Experience, ualifications 
and wage: expected.—Address, HEATING, Wx. 
Portrousé& Co., Advertising Agents, Glasgow. A Me 


Prblicity.— Engineering Firm 
in Manchester, REQUIRES the SERVICES 
of a GENTLEMAN to compile catalogues, also to 
control advertising and propaganda work. Fy} 

rticulars and salary.—Address, A 822, Offices of 


iN GINEERING. =A 
etallurgist Wanted for 
Preference will be 


“Responsible Position. 
given to applicant meta. works experience ang 
ability to carry out origina investigation.— Address, 
stating briefly experience and qualifications, A go4 
Offices of ENGINEERING. , 


a : . 
anted for Calcutta, a good 
all-round MECHANICAL ENGINEER , with 

— ical experience in Steamand Pumping Engines, 
ust be well educated. Age not to exceed 39, 
Unmarried. 5 year Agreement.—Reply, in writing, 
to Messrs. ALEX. LAWRIE & CO., 14, St. Mary 
C. 3. A 183 














Single, WANTED, for. South of Euroje, 


Good theoretical training essential and some 


practical experience since finishing ¢ducation, 
Modern Power-house experience preferred.— Write, 
stating age, particulars of training, details of experk 
ence, salary required, languages spoken, to: H. 8, 
c/o STREETS, 30, Cornhill, H.C, 3. A 196 


(Chief Engineer Required for 

Large Chocolate and Food-Producing Works, 
near London. 

Only experienced men, with good Electrica! ané 
Mechanical Qualifications, need apply. 

State full particulars, including age and salary 
required, 

Address, A 838, Offices of EnGixnrEeriInG. 


ssistant  ingineers 
REQUIRED. by the GOVERN. 
a MENT OF CEYLON for Railwa 
Construction for three years” service, with posite 
extension. Salary £600, rising to £960 a year 
annual increments of £30. hould the selecte 
candidate be less than 30 the:commencing salary 
will be £500 per annum. Free quarters or an 
allowance in lieu. Free passages provided. Can- 
didates, unmarried, eee between the age of 
30 and 35, must be experienced engineers who have 
received. good training and experience on “# 
recognised European or American Railway. Must 
have a thorough knowledge of surveying, tye 
estimating, setting out and supervising all wor! 
in connection with the location and construction of 
a railway. Members or Associate Members of the 
Institution of Civil Engineers preferred. 

Apply at once by letter, stating age and experienee, 
to THK CROWN AGENTS FOR THE COLONIES, 
4, Millbank, London, S.W. 1, quoting Hivos 
1 Absit 








hift Engineer Required 

S by the GOVERNMENT OF NIGERIA 

aa forthe ELECTRIC LIGHT DEPARTMENT 
for. two tours of 1210 18 months each, with possible 
permanency. Salary £140—£12—£500a year. Out- 
fit allowance of £45 on first appointment. Free 
quarters and passages_and liberal Jeave in England 
on full salary. Candidates, age 25 fo 35, should 
have_had a thorough mechanics training and be 
competent to take charge of a six hour shift in an 
Electric Light Power Station and be responsible for 
the efficient running of the machinery and Loilers, 
including Diesel engines, feed pumps and other 
auxiliaries. They must have had experience in the 
working of Babcock ‘boilers fitted with mechanical 
stokers.and with Belliss and Morcom’s high-speed 
engines. They should also be competent to effect 
running repairs and be capable of supervising native 
staff. Preference will be given to those who, ih 
addition, have had sea-going experience, and holda 
Board of Trade Certiticate,—Apply at once, by 
letter, stating age anid particulars of experience, to 
HE CROWN AGEN''S FOR THER COLONIES, 
4, Millbank, London, S.W.1, quoting M/12043. A 782 


French Speaking 


MECHANICAL DRAUGHTSMAN 
WANTED 


ition in Canada, Knowledge of engineering 
matics necessary as well as skill in drawing. 

Address,. with qualification particulars, A 609, 
Offices of ENGINEERING. 


anted, as Aircraft 
Draughtsmen, men with goof engincering | 
training,- State age, wage, experience,.and enclose 
references.—Address, A 748, Offices of ENGINEERING. 


[2ughtsman Wanted with 
thorough knowledge of the design of large 
locomotive steam Cranes, State -age, experience, 
salary -required;: and when: at jiberty.—Address; 
A 800, Offices of ENGINEERING. 


Mechanical Draughtsman, 
_-experienced, WANTED for genera! work, 
London. Area, Salary £6.—Address, stating age 
experience, etc., A 793,.Offices of ENGINEERING. — 


eading Draughtsman.— 
Wanted for a railway in Chile, a thoroughly 
eompetent LEADING -DRAUGHiZSMAN with 
sufficient locomotive experience to; in due course, 
take up position of Assistant) Locomotive Super 
intendent. ‘man preferred. Age about 
30. Salary £35 per month, with living allowance 
and residence. Four ’ engagement. First-class 
lero out and home on completion of contract.— 
iss ok jovial ia Dy ej Seager ow 

-» c/o STB) 3 i} 
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BLAISE. PASCAL, 1623-1662. 


Tue tercentenary of the birth of Pascal is an 
event which has an interest not only for the students 
of French literature and of religious thought, but 
for every one engaged in the discovery of the 
application of Nature’s laws. In his all-too-short 
life Pascal showed he possessed mathematical powers 
of the highest order and with these he combined 
an insight into physical problems as remarkable as 
it is rare. Had his mind then concentrated upon 
scientific studies there can be no doubt he would 
have risen to an eminence equal to that of Boyle or 
Huyghens. He was, however, born into a world 
torn by theological controversies and it was almost 
inevitable that one constituted as he was, would 
sooner or later be drawn into the great discussions 
of the day. He did enough though to gain for 
himself a niche in the temple of mathematics, while 
his famous experiment with the barometer on 
Puy de Déme has a place beside that made by 
Galileo from the leaning Tower of Pisa. 

_ Pascal’s career was a somewhat unusual one. 

He attended neither school nor university, passed no 
tests, took no degrees and held no appointments. 
He travelled but little, never married, and sought 
no distinction. TIll-health, some probably avoidable, 
overstudy, a supersensitive conscience, a strain of 
mysticism and imprudent austerities all helped to 
determine his career and led him in the end to 
abandon scientific pursuits for a life of religious 
devotion which after much suffering came to a 
premature end when he was but 39 years of age. 

To form any true picture of Pascal’s life it is 
especially necessary to realise his early surroundings. 
His father, Etienne Pascal, came of an ancient and 
noble family of Auvergne, and held the position of 
Second President to the Court of Aids at Clermont- 
Ferrand. The home was at Clermont, and here 
young Pascal was born, June 19, 1623. Three years 
later his mother died, leaving three children— 
Pascal himself, and two sisters, Gilberte and 
Jacqueline, the latter of whom afterwards had great 
influence with him. In 1631 the family removed to 
Paris, where the father was largely occupied with 
the supervision of the education of his son. 
Languages were almost his sole study at first, but 
mathematical talent such as Pascal possessed could 
not be suppressed, and at the age of 12, having 
privately worked out some of the problems for him- 
self, he quickly mastered Euclid. When but 16 
he composed a treatise on conics, and by this time, 
through his father, he had attended the meetings of 
some of the French mathematicians, Mersenne, 
Roberwal, Mydorgo and others, from which ulti- 
mitely sprang the Paris Academy of Sciences. 

The family lived in Paris ten years. Though 
the elder Pascal had for a time fallen into disgrace 
with the great Richelieu and had had to go into 
hiding, happier relations ensued, and in 1641 he was 
given the post of intendant of Rouen, the capital of 
Normandy, and thither the family removed. It was 
at Rouen Pascal invented his calculating machine, 
it was at Rouen his first conversion took place. 
and it was at Rouen that Pascal made his experi- 
ments with the barometer then just invented by 
Torricelli. Of his calculating machines, of which 
several specimens are to be seen in the Conservatoire 
des Arts et Metiers, it may be said they were the 
first of their kind and were the forerunners of the 
machines made by Leibnitz, Hahn and Babbage. 
Pascal is said to have made as many as 50 machines, 
and, in 1649, to have secured a special privilege 
du Roi which confined the manufacture of them to 
him and his workmen. 

How Torricelli was led to the invention of the 
barometer is well known. Galileo had been the 
first to weigh the air. He had pumped air into a 
copper ball and had then suspended it on a balance. 
The weight being noted the surplus air was then 
passed into an inverted receiver full of water. 
These experiments, however, were not pursued. It 
was the failure of the workmen, engaged in building 
fountains, to cause water to risé more than about 
30 ft. by suction that led to Galileo calling Torricelli’s 
attention to the matter. The account of Torricelli’s 
experiments first reached Pascal at Rouen in 1646, 
apparently through Mersenne, who had been to Italy. 
Pascal immediately repeated the so-called “ Italian 
_ ©Xperiment ” with the barometer tube and success- 


— 





fully showed it to some 400 or 500 people, including 
the Jesuit fathers of Rouen College. He also made 
other experiments of a similar nature, and in 1647 
published a little treatise entitled ‘ Nouvelles 
Experiences touchant le Vide.’ So far the great 
value of the barometric tube had not been realised, 
and Torricelli died in October, 1647 without seeing 
its application to practical problems. 

It was a month after Torricelli’s death that 
Pascal first proposed the experiment of carrying a 
barometric tube up a mountain and noting the 
variation. Pascal was no believer in the old 
schoolmen’s phrase “ Nature abhors a vacuum,” 
and this experiment he saw would put the matter 
to the test. On November 15, 1647, he wrote to 
his brother-in-law, M. Perier, who had married 
Pascal’s sister Gilberte. 

“ J'ai imaginé une expérience qui pourra seule 
suffire pour nous donner la lumiére que nous 
cherchons, si elle peut étre exécutée avec justesse. 
C’est de faire l’expérience ordinaire du vide plusieurs 
fois le méme jour, dans un méme tuyau, avec le 
méme vif-argent, tantét au bas et tantét au sommet 
d’une montagne élevée pour le moins de cing ou 
six cents toises, pour éprouver si la hauteur du 
vif-argent suspendu dans le tuyau se trouvera 
pareille ou différente dans ces deux situations. Vous 
voyez déja, sans doute, que cette expérience est 
décisive sur la question, et que s'il arrive que la 
hauteur du vif-argent soit moindre au haut qu’au 
bas de la montagne (comme j’ai beaucoup de raisons 
pour le croire, quoi que tous ceux qui ont médité 
sur cette matiére soient contraires 4 ce sentiment) il 
sensiuvra nécessairement que la pesanteur et 
pression de l’air est la seule cause de suspension du 
vif-argent, et non pas lhorreur du vide, puisqu’il est 
bien certain qu’il y a beaucoup plus d’air qui pése 
sur le pied de la montagne que non sur le sommet ; 
au lieu que l’on ne saurait dire que la Nature 
abhorre le vide au pied de la montagne plus que 
sur le sommet.” 

Owing to various engagements, Perier was not 
able to carry out the experiment until September 19, 
1648. He then ascended the Puy de Déme, situated 
close to Clermont, with several companions. At 
starting the mercury stood at 26 in., at the summit 
it had fallen to 23 in., “the party being greatly 
pleased at this as indicating the relation between 
the height of the mercury and the height of the 
station.”” Next day Perier repeated the experi- 
ment by ascending the Tower of Notre Dame in 
Clermont, and when the report of these reached 
Pascal, who was then at Paris, Pascal himself made 
similar experiments at the Tower of St. Jacques 
la Boucherie. This tower still stands in Paris 
and is to-day appropriately enough used for meteoro- 
logical observations. Shortly after this Pascal 
intimated to Perier that probably different states 
of the weather would lead to variations in the height 
of the mercury, and from 1649 to 1651 Perier made 
the first series of observations of this kind ever 
recorded. Similar records were made at Paris, 
and at Stockholm by the French Ambassador and 
Descartes, and from these have sprung the vast 
organisations which to-day deal with weather fore- 
casting in all parts of the world. 

Pascal’s other works on the study of this and 
allied subjects were his ‘De l’Equilibre des 
Liqueurs” and “De la Pesanteur de ]’Air,” but 
these were not published till after his death. It is 
in the former of these he lays down the principle 
of the hydraulic press first brought into practice by 
Joseph Bramah. 

From Rouen the Pascal family in 1648 returned 
to Paris; then followed a long visit to Auvergne, 
and by 1650 they were again back in the capital. In 
1651 the elder Pascal died, next year Jacqueline 
entered the famous religious community at Port 
Royal des Champs, and Pascal for a time appears to 
have mingled in the everyday society of his class. 
The years were not without their labours, and to 
this period belong Pascal’s contributions to the 
theory of probabilities. A problem had been pro- 
posed by a gamester, the Chevalier de Méré, regarding 
two players of equal skill who wished to leave the 
table before finishing the game, and the question was 
how to divide the stakes. Pascal communicated the 
problem to his fellow countryman, Pierre de Fermat, 
and from their correspondence the theory of 
probabilities may be said to have developed. 














re It was in 1654 that the second conversion of Pascal 


took place. Urged to abandon a worldly career by 
his saintly sister Jacqueline, his decision was 
hastened by a narrow escape from injury in a 
carriage accident and a remarkable vision or ecstasy, 
and he then threw in his lot with the Jansenists of 
Port Royal, and for a time retired to the country. 
It was on behalf of his companions at Port Royal 
that he wrote the famous “ Provincial Letters,” 
on which many eulogies have been passed. The 
Letters appeared in 1656. Two years later, during, 
it is said, a severe attack of toothache, he made his 
last contribution to science by solving many 
problems connected with the cycloid. “ Pascal,” 
wrote Bossue, “‘ devised within eight days, and in the 
midst of cruel sufferings, a method which embraced 
all the problems—a method founded upon the sum- 
mation of certain series, of which he had given 
the elements in his writings accompanying his 
“Traité du Triangle Arithmétique.” From this 
discovery there was only a step to that of the 
differential and integral calculus; and it may be 
confidently presumed, that if Pascal had proceeded 
with his mathematical studies he would have antici- 
pated Leibnitz and Newton in the glory of their 
great invention.” 

The remaining years of Pascal’s life were much 
broken by ill-health. By the summer of 1661, when 
at Clermont, he was too weak to walk without a 
stick or to hold himself upon a horse. Returning 
to Paris, in June, 1662, he was seized with his last 
illness. He died August 19, 1662, and was buried 
in the old Paris church of Saint Etienne-du-Mont. 





MULTI-CUTTING TOOL ARRANGEMENTS. 
By JosrepH Horner. 
(Concluded from page 675.) 

Work on the Plano-Miller—The growth of heavy 
work done in large quantities, has been favourable 
to the development of the plano-miller, which is the 
most productive machine employing milling cutters. 
Built on the broad lines of the planing machine 
and in an extensive range of capacities, one, two 





or three cutter heads are mounted on a cross slide, 
and one or two on the housings, while tables are 
cast to any lengths required. 

The early plano-millers, were built for operating 


-edge mills of cylindrical form with cutting edges 


disposed round the periphery, frequently solid mills 
of small diameters, threaded on an arbor in bearings 
that stood out with overhang from the cross rail. 
Later designs employ this method much less, and 
the tool heads using face cutters more. These 
cutters are more efficient, and the results are 
at least as accurate, and often more so on 
wide surfaces, because the fault of spring is elimi- 
nated. When a long row of castings is set on 
the table, or carried in fixtures, and all the cutter 
heads are in operation, the output exceeds that of 
any planer. Automobile and locomotive work is 
being dealt with thus in increasing quantities. 
These are practically continuous machines, because 
there is no lost return stroke between cuts, as in 
planers. The term plano-miller also denotes a 
vertical spindle machine, in which the work is carried 
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on a rotating table under the cutter. In both, the 
feed is so slow that, with suitable fixtures, the 
cutting is continuous, since pieces can be unloaded 
and loaded while the tooling of others is proceeding. 


Another early improvement is that of the in- 
clusion of one vertical spindle, the head of which 
is mounted on the cross-rail between the horizontal 
spindle brackets. This is useful for the face milling 
of small surfaces, and for routing out the ends of 





The Ingersoll Machines.—An early modification 



















through bevel gears. The angular faces of crank, 
and transmission cases, and cylinders are tooled 
thus. In a few of these machines, a second set 
of heads is mounted behind the housings, equipped 
with finishing cutters, the roughing being done with 
those in front. Much time is thus saved, since both 
operations are performed during one traverse, and 
without loss of time in changing or resetting cutters. 
| The cross-rail is adjustable for height in the general. 
| purpose machines, but it is cast in one piece with the 
housings for work that is highly repetitive. 
In these machines generally the numbers and dis- 
positions of the cutter saddles are subject to numerous 
variations in order to render them specially adapt- 
|able for a wide range of manufactures. The 
| commonest arrangement is that of two saddles with 
| vertical spindles on the cross-rail, and one on each 

housing with horizontal spindles, and built in both 
light and heavy patterns. 





But the numbers may be 
































Ea 





















END VIEW 










































































(7819.4) 


key ways. The later de- 
sign, and that which has 
the wider utilities is the 
machine with vertical 
spindles, supplemented 
with independent _hori- 
zontal spindles on the 
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of much value which is still used, is the method of 
mounting the cross rail introduced by the Ingersoll 
Milling Machine Company, in which the top edge 
leans forward beyond the lower. 

The result of this alteration is that the thrust 
of the cut is taken at right angles with the face of 
the cross bar, which carries the brackets for the 
arbors; the arbors are also brought closer to the 
housing than is practicable with the ordinary flat rail. 





housings. The cutters used 

are chiefly of the face kind, 

but edge mills are employed 
in some classes of tooling. A design which is also 
common is the provision of swivel heads with 
which a machine may be wholly, or partially 
equipped. The ordinary form of the head is that 
in which the swivel can be set to any angle with a 
pinion and quadrant rack, permitting of setting to 
45 deg. on either side of the centre line. But for 
highly repetitive work the angles of the spindles are 
fixed permanently, and the angular drive is effected 
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reduced to one vertical, and one horizontal spindle, 
or one vertical, and two horizontal, or three vertical. 

The economies of these machines are identified 
with the liberal employment of fixtures, designed 
for work that is being constantly repeated. Few 
articles comparatively are bolted directly to the 
table, and these chiefly when of large dimensions. 
String milling comprises the major volume of the 
work done. To accommodate this, the tables of 
machines, alike in other respects are made of almost 
any length desired to accommodate the character 
of the work to be done. 

Examples of Work—The strictly continuous 
milling machines are represented by three designs 
of the Ingersoll Company. Two have a rotary 
worktable, the third has a drum revolving on 4 
horizontal axis. 

One of the rotary table machines has the work- 
table in front of the main column, which is arched 








over 
equi} 
opere 
roug] 
and | 
the ¢ 
XLV 
one ¢ 
Both 
finish 
fixtul 
operé 
prod 


both 
comp 
unloa 
being 
cut ir 
on pé 
the t 
are o1 

In 
table 
front. 
more 
with 
static 
toole 
short 
one r 
char, 
The : 
up WwW 
whicl 
he lc 


work 








JUNE 15, 1923. ] 





over to carry one, or two cutter spindles. If it is 
equipped with a fixture holding three castings, the 
operator can be unloading and reloading while a 
roughing cut is being taken over one of the others, 
and a finishing cut over the third, thus rendering 
the action strictly continuous. Fig. 160 on Plate 
XLV shows four cylinder heads being milled on 
one of these machines built especially for the work. 
Both sides are milled in turn with roughing and 
finishing cuts. The table holds four castings in 
fixtures with rapid grips, two undergoing the first 
operation and two the second. Each revolution 


produces two heads rough and finish milled on | 
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upper member of this example carries six cutter 
spindles, and the table has fixtures for five metor 
cylinder castings. The upper member and the 
table are rotated in the same direction, by worm 
gears, but the table is driven at a higher rate of 


| speed than the spindle head. One operator stands 


at a loading station. The machines will either 
rough, or finish, or perform both operations on the 
same piece. In the illustration, two sets of cutters 
of two each are used for roughing, and two single 
spindles for finishing. The castings are completed 
continuously at the rate of one every 2 minutes 
20 seconds. The attendant has, therefore, 2} 














Fie. 174. Opren-SipE RECIPROCATING-TyPE MinLInG MACHINE. 


both sides, with an hourly production of 15 pieces 
completed. An operator stationed at one spot 
unloads and reloads a piece while the roughing cut is 
being taken in one fixture adjacent, and a finishing 
cut in the one preceding. The drawing, Fig. 159 
on page 731, gives a plan view of the work, while 
the two 15-in. cutters for roughing and finishing 
are outlined by dotted circles, 

In the circular continuous machine, the work- 
table rotates around a central column instead of in 
front. It may be provided with one, two, three or 
more loading and unloading stations, corresponding 
with the number of operators engaged. The single 
station machine is of value when the surfaces to be 
tooled are long, the multi-stations when they are 
short. Each station has a set of two spindles, 
one roughing, the other finishing. Each man takes 
charge of the output from a single pair of spindles. 
The work is necessarily located in fixtures. To keep 
up with the output, conveyors are installed from 
which the operator takes the castings, and on which 
he loads them. Fig. 161, on Plate XLV, shows 





work being done on one of these machines. The ! 


minutes in which to unload and reload each fixture. 
By that time the roughing cutters catch up with 
the casting that has just been loaded, and start 
the cut. Then the table brings another casting just 
finished to the station in front of the operator to 
be unloaded, and replaced with another. The 
cylinder castings shown measure 27$ in., by 144 in. 
overall. 

Another single-station continuous machine is 
illustrated by Fig. 162, on Plate XLV. It is shown 
taking roughing and finishing cuts over block motor 
cylinders, for which five fixtures are provided. The 
roughing cuts are taken with two 8-in. cutters, the 
finishing with one 14 in. The cutters are designed 
specially for cast-iron. The teeth are in pairs, 
narrow and wide alternately. They are held in 
slots, covered with plates, and secured each with a 
screw. Fig. 163 on the same Plate is a continuous 
machine loaded with transmission housings to be 
faced off on the angular pad. The product is three 
per minute. Conveyors are used to bring up and 
remove the castings. In all these views the pro- 
visions made for rapid locking, unlocking and ready 





sliding out of the castings from their fixtures is 
noticeable. 

In the drum type of machine, the drum, which is 
practically a turret, rotating on a horizontal axis, 
receives the castings. It is mounted between 
housings that carry the cutter spindles, an upper 
set for roughing, a lower set for finishing. The 
operator stands at the rear, and removes and replaces 
the castings without stopping the rotation. This is 
a special purpose machine in which the drums are 
constructed to accommodate one class of casting 
only. The cutter heads are adjustable vertically, 
and each cutter may be adjusted in or out. The 
drum makes one revolution every 12 minutes. 
The castings are brought up, and removed on a 
belt conveyor. Fig. 168, on page 732, is an illus- 
tration of this machine on which four motor cylinder 
castings are being mounted, through bores ; two are 
lying in the foreground. The view is taken at the 
rear of the machine where the loading is done. The 
drum is driven by worm gears, the wheels being 
29-in. diameter. The axis is 13% in. diameter. The 
drum is rotated past the horizontal spindle heads in 
the housings, which may be adjusted vertically. It 
revolves continuously, once in 12 minutes, which 
gives time for the attendant to unload and reload. 
Taking the day through each casting is faced in 
2 minutes, within 0-002 in., square and parallel. 
The drum may be removed and replaced with another 
to accommodate a different class of work, but this 
is not desirable, since the machine shows to 
greatest advantage on work that is highly repetitive. 
Fig. 164, on Plate XLV, shows a drum machine 
carrying six block cylinder castings and facing the 
joints of the crank-cases. The methods of location 
and gripping can be seen. The casting in the 
perpendicular position is at the stage where removal 
and replacement are effected. The boss on the 
housing to the right suggests the large size of the 
drum axis. 

Fig. 165, on Plate XLV, shows a machine 
which is a modified form of the reciprocating type. 
Its cross-rail is fixed, and carries two vertical 
tool spindles centrally, while housings support a 
horizontal spindle. The machine is termed semi- 
automatic. After the work has been tooled, the 
table returns automatically at a high rate of speed, 
and stops while the attendant unloads and reloads 
the fixture. In this example, two 13-in. cutters 
tool the horizontal facings of the castings, and a 
10-in. cutter one end. The cutter arrangement is 
shown in elevation in Fig. 169, on page 732, and 
in plan in Fig. 170 on the same page. A similar 
arrangement of cutters is used on the machine 
illustrated in Fig. 166, on Plate XLV, which is 
shown milling crank cases on three faces. The 
cutter arrangement is shown in Figs. 171 and 172 
on page 732. There are two 8-in. cutters, tools for 
the small horizontal faces, and one 15-in. cutter 
for the end. In the machine shown in Fig. 167, 
on Plate XLV, six brackets are mounted in pairs 
to have their upper faces and ends tooled with 7-in. 
cutters which are arranged as shown in Fig. 173, on 
page 732. Fig. 174, on the present page, illustrates 
an open side reciprocating machine carrying; one 
vertical, and one diagonal spindle. The same design 
is built with a horizontal spindle. 

Cutters.—It will have been noticed that all the 
examples given are those of face cutters. But 
edge and gang mills are used for profile work up 
to very large dimensions. Each is built with 
inserted teeth, in short units, and always with spiral 
or helical teeth to produce a shearing cut, and 
disposed right and left handed throughout. The 
teeth of one cutter interlock with those of its fellow, 
producing a continuous surface. They are held 
with wedges, and screws. In these, as in the face 
mills, cutters are designed differently for working 
on different kinds of materials. All the bodies are 
of forged steel, carbonised and hardened, and the 
teeth are of high-speed steel, hardened and ground. 

The face cutters for average cast-iron have front 
rake, and will cut both on face, and periphery. 
In one class they are anchored with taper pins. 
These are suitable for deep and heavy cutting. 
For shallower facing, and on light flimsy castings, 
a cutter of a different kind is provided, in which 
the teeth are set more closely together, and are in 
pairs, narrow and wide respectively, being } in. by 
§ in., and in. by 1 in. The teeth are driven into 
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slots, and secured with clamps and screws which 
are turned off flush with the outside of the housing. 

Another cutter for genera!-purpose work and heavy 
duty has inserted teeth, coarsely spaced, of the same 
size, with front rake. It will both rough and finish 
in one operation. The teeth are held in their slots 
with wedges and screws. Another for very heavy 
work on steel castings and forgings, and on iron 
castings, has teeth of small and large widths alter- 
nating, held with clamp plates and bolts. The 
teeth have front rake, $ in. of material can be 
removed in one pass. Another cutter is designed 
for milling aluminium. The teeth are coarsely 
spaced, have front rake, and are secured with taper 
pins driven into splits in the body. Table feeds up 
to 15 in. per minute are possible. The bodies are 
made in sizes from 8 in. up to 26 in. diameter. 

Edge and side mills are made with inserted 
cutters set diagonally, and at alternate angles. 
For narrow mills the body is in one piece, for wide 
ones they are duplicated, the teeth interlocking, 
and being right and left-handed. Slab milling 
«utters of porcupine type are used, and solid cutters 
with nicked teeth. A special grinding machine is 
used, in which, after the cutter has been set, the 
faces and corners are ground at a single setting. 
Machines, cutters and their upkeep are therefore all 
made to contribute to accurate production on a 
large scale. 





THE FUEL RESEARCH BOARD. 
II. SrkAMING IN VERTICAL RETORTS. 
ScorPE OF THE INVESTIGATIONS. 


TuE first large investigations to which the equip- 
ment of H.M. Fuel Research Station has been 
applied were directed to determining the effect on 
various coals of steaming in various proportions in a 
particular type of vertical retort. The work has 
already given important and interesting results, to 
which reference will be made later ; but perhaps still 
more interest attaches to the methods pursued, by 
which a manufacture, on a works scale, is controlled 
with something like laboratory accuracy, and the 
results can be made immediately applicable to the 
purposes of other works, where the same accuracy 
of observation could not be obtained, and indeed 
for practical reasons should not even be sought. 

Expressed broadly, the main purpose of the 
installation of vertical retorts erected at the station, 
and of the work done on them, was to provide 
accurate data, from which the economic value of 
steaming could be determined. Though it was 
desired particularly to express these data with all 
the generality that was safely possible, the nature of 
the problem put distinct limits on the extent to which 
general results could be expected. It was recognised, 
for instance, that in addition to the reactions set up 
by the introduction of steam, the changes in the 
conditions of carbonisation following on the re- 
distribution of the temperature zones within the 
retorts, which must follow on the use of vertical 
retorts and the accompanying more rapid removal 
of the volatile products of carbonisation, must be 
influenced greatly by the chemical and physical 
characteristics of the particular coal, and, speaking 
generally, that differences in the type of coal with 
relatively little significance to carbonisation in 
horizontal retorts would become of capital import- 
ance to carbonisation in continuous vertical retorts, 
especially when conducted in a current of steam. It 
was clear also that differences in the types of retorts 
might be of similar importance. On the other hand, 
the reactions of which the products were to be 
studied are determined not only by the types of coal 
and of retorts. These factors of the process, at 
least in any early staze of investigation, could not 
be expressed safely in general formule, to be used 
with different coals and retorts ; but the same is not 

’ true of the temperature of carbonisation and the 
percentage of steam, which can be specified quite 
definitely and reproduced as desired. 

Accordingly it was seen that results must be 
sought separately on each particular type of coal, 
and must be put forward as true only for retorts 
of the same type as those installed at the station. 
Given, however, any works equipped with the same 
type of retoris, and working on the same coal and 
at the same carbonising temperature as were used 





in station tests, the whole of the chemical and 
physical results of the station tests ought to be 
applicable to such works. What, therefore, was 
desired was an installation and a scheme of work 
that would yield conditions so definite as to permit 
the results obtained at the station on any coal to be 
applied with approximate accuracy to a works using 
the same coal in any settings of the same type of 
retort. 

The questions sought to be answered at the outset 
were the effect on the yields and qualities of gas, 
tar, coke and ammonia produced with different types 
of coal by definite percentages of steam at a definite 
carbonising temperature, and the amount of extra 
heat required when an increased yield of products 
was secured. It was indeed already a matter of 
common experience that steaming would give an 
increased yield of heat in the form of gas. How much 
was not known so definitely, and still less known was 
the precise effect on the composition of the gas and 
on the yields of tar, coke and ammonia. The need 
for accurate data on these points was increased by 
the increased latitude that recent legislation had 
given the gas companies in respect of the composition 
of their gas, whereby they were left free to adopt 
any process and sell gas of any composition that 
would give a declared calorific value. To enable the 
data to be utilised as fully as possible the source 
of the supply of coal used on each test, and where 
possible the seam from which it was taken, were 
located and recorded in the Board’s Survey of 
British coalfields, with appropriate cross-reference 
to the test results. 

The method of experiment was to carbonise a 
throughput of 10 tons of coal per day under con- 
ditions kept as closely constant as possible within 
the unavoidable limits of variation of the coal, 
except for the percentages of steam introduced into 
the retorts. The products of distillation and the 
fuel and flue gases were measured and analysed, and 
the thermal circumstances noted. A special deter- 
mination was made of the heat absorbed in main- 
taining the retorts at the standard carbonising 
temperature, to permit comparisons with the results 
of tests made with similar plant in other works, 
and so to enable the results obtained at the station 
to be applied elsewhere. In particular two tests 
were made as nearly as possible in parallel with 
tests that had been made at Uddington Gas Works 
by the Gas Investigation Committee of the Institu- 
tion of Gas Engineers. 


PLant AND WorRKING. 


General Design.—The type of retorts adopted 
was the Glover- West, in which the temperature from 
top to bottom can be controlled by a series of 
horizontal combustion chambers, with certain 
modifications designed to suit the general methods 
of firing and temperature regulation adopted in the 
station, as outlined in the previous article, and the 
special purposes of the intended investigations. 
Thus the setting was arranged to be fired with 
scrubbed water gas supplied from outside under 
constant pressure, instead of the usual producer 
gas from a built-in producer, and provision was 
made for measuring as well.as regulating separately 
the gas supplied to each of the seven combustion 
chambers, and for noting their individual tempera- 
tures. The air for combustion was supplied under 
a uniform positive pressure, and was preheated by 
the outgoing flue gases in a special heat exchanger 
(the preheater) built up of steel tubes. A separate 
gas-fired steam boiler was also fitted close to the 
setting, to enable the steam to be weighed accurately 
into the retorts. 

Fuel Gas and Air.—The setting consists of four 
retorts, each 21 ft. by 33 in. by 10 in., with a 
nominal capacity of 24 tons throughput of coal per 
day, or 10 tons for the entire setting. These are 
arranged in pairs, and round each pair are arranged 
the seven combustion chambers, an air-circulating 
chamber at the base, and two flue chambers in 
parallel at the top. The flue gases from these 
chambers on their way to the chimney pass through 
the preheater round the steel tubes, in which the 
air for combustion is led under positive pressure to 
the normal vertical flue in the setting. By regu- 
lating the chimney damper and the flue gas dampers 
in each combustion chamber the whole setting is 
worked at a pressure of about 5, in., so pre- 


venting air from being drawn into the flue in 
addition to the measured volumes that have been 
through the combustion chambers. 

The fuel used in the tests was scrubbed water gas 
of 300 B.Th.U. to 310 B.Th.U. per cubic foot, 
supplied from holders under a pressure of 3} in. 
water through two meters, which deliver in parallel 
into a 6-in. vertical pipe, with branches to the 
combustion chambers. Each branch can be cut 
off from its combustion chamber by a cock, which 
however, is normally kept full open, the amount of 
gas passing being determined by a diaphragm 
between the cock and the combustion chamber with 
an orifice of definite diameter, which allows a gas 
pressure from the meter on the cock of 7§ in. to 7 in. 
according to the size of the orifice. In order to have 
an accurate measure of the gas supplied to each 
combustion chamber in face of the varying tempera- 
ture from top to bottom of the 6-in. pipe, the tem- 
perature and pressure conditions under which gas 
passes through each diaphragm are carefully repro- 
duced in another part of the building, and the gas 
delivered under these conditions is measured. This 
separate measurement of the gas delivered to each 
combustion chamber is additional to the metering 
in the plant itself of the gas supplied to the entire 
setting. The variation in flow through similar 
orifices due to the extreme range of temperatures 
along the vertical pipe—85 deg. to 51 deg. C.— 
did not, however, exceed 1-7 per cent. 

The air for combustion of the fuel gas is delivered 
to the preheater by a steam-driven blower at a 
pressure of ;5 in. to 75 in. Except when steaming 
to the extent of 20 per cent. of the coal carbonised, 
or upwards, a little cold air was supplied direct to 
the air circulating chambers below the combustion 
chambers to prevent overheating the bottom, and 
passed thence into the vertical air flue; but the 
quantity was too small to produce a significant 
effect on the temperature of the air passing through 
the preheater. 

The temperatures in the six lower combustion 
chambers varied between 1,230 deg. and 1,275 deg. C. 
and the maximum variation between the temperature 
of the topmost chamber and that of any other was 
91 deg. C. The average temperature of all seven 
chambers varied in eight tests between 1,248 deg. 
and 1,267 deg. C., with an average of a little over 
1,250 deg. C. In the flue-gas circulating chambers 
at the top of the setting the average temperature 
was about 1,020 deg. C., in the flue gases on entering 
the preheater 810 dez. to 938 deg. C., and on leaving 
it 456 deg. to 565 deg. C. The air was supplied to 
the preheater at atmospheric temperature, and left 
it at from 330 deg. to 390 deg. C., while at the bottom 
of the vertical air flue the temperature ranged 
between 525 deg. and 634 deg. C. The preheater 
showed an average efficiency of 23 per cent., or a 
saving of 8-5 per cent. to 10°5 per cent. of the heat 
units in the fuel gas. Without calculation, indeed, 
its efficiency was indicated by the fact that the 
steel air tubes were barely red hot even when the 
flue gases surrounding them rose to 1,100 deg. ©. 
In the combustion and flue-gas chambers tempera- 
tures were taken with a Cambridge optical pyro- 
meter, and the others with base-metal thermocouples. 

Steam, Coal and Coke.—Steam for the retorts 
while under test was not taken from the station 
main steam supply, which was blanked off from 
the retorts on these occasions, but from the separate 
gas-fired boiler provided for the purpose close to 
the foot of the retorts. The feed water was taken 
from a tank holding about 4 cwt., carried on a 
weighing machine, and the quantity supplied was 
noted hourly. The boiler worked at 60 lb. per 
square inch, and supplied steam through a reducing 
valve to the valves of the several retorts. On the 
far side of each retort valve were diaphragms with 
holes respectively j in. and ; in. diameter. The 
size of these holes and the reduced pressure, varying 
from 4 lb. to 22 Ib. per square inch, were arranged 
in each case to supply each retort with the pre- 
determined quantities of steam. The steam enters 
the bottom of the retort in a space through which the 
coke falls without filling it, and is therefore free 
to spread itself over the whole underside of the 
column of coke in the retort, practically irrespective 
of the actual pressure at which it enters. The 
temperature of the coke chamber where the steam 
| enters was about 260 deg. C., and that of the falling 
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coke at the same level varied from 460 deg. C. with 
no steam to 270 deg. C. with 30 per cent. of steam. 
There was accordingly no risk of steam condensing 
on the coke. 

The coal is delivered from wagons on an upper 
siding into a crusher, from which it falls into skips 
placed below the shute, certain quantities being 
taken from each skip for sampling. When full the 
skips are run on to a weighbridge and weighed. 
Fach skip holds about 13} cwt., and the 15 skips 
required for a day’s throughput were filled and 
weighed at one time and taken by the elevator to 
the bunker floor, to be tipped into the hoppers as 
required. Once a day the feed hoppers of the 
retorts were filled up, the coal hoppers above the 
retorts were arranged to be empty, and any skips 
that had not been wholly emptied were sent back 
and re-weighed, so as to get the exact weight of 
coal that the hoppers had received during the day. 
The rate at which the coal passes through the retorts 
is controlled by a motor-driven coke extractor gear, 
and to keep it constant a counter is fixed on the 
reciprocating part of that gear, which regulates the 
extraction according to the number of teeth the 
gear is allowed to engage in a ratchet. It is thus 
possible to maintain any desired throughput. 

The coke was discharged from the coke hoppers 
at the base of the retorts into skips, and was weighed 
at once, any quenching that was necessary being 
done afterwards. Samples were taken separately 
from the hoppers shortly after the full charge had 
been drawn. 

Coal Gas and Liquid Products.—The coal gas made 
was measured by a meter, and checked independently 
by using in rotation three gasholders out of four, 
each of 10,000 cub. ft. capacity. Though the gas- 
holder check was intended to be only rough, it 
agreed with the meter readings on the average 
within 1 per cent. Governors at the retort-house 
and on the exhauster kept the pressure in the main 
practically constant, except for momentary changes 
during charging, poking down, &c. 

The measurement of tar and liquor was com- 
plicated by the practice adopted in all tests, except 
the two made under Uddingston conditions, of 
circulating these liquids through the collecting 
main and flushing it daily with tar. The difficulties 
that arose in this way were avoided by a system of 
separate measurements for the several vessels 
concerned. 

The equipment included appropriate condensers, 
scrubbers and purifiers. 

Conditions of Test.—To obtain a steady average 
temperature in the combustion chambers with the 
predetermined throughput and percentage of steam 
the heat and steam supplies were arranged before 
each test so as to give these results approximately, 
then adjusted more closely for not less than 48 hours, 
and then run steadily under the fixed conditions 
for at least 24 hours—usually much longer—before 
beginning the test. Where through any cause the 
conditions varied significantly during these pre- 
liminary workings the actual test run was postponed 
until the plant was working regularly. A standard 
test after these conditions had been established was 
a run for five consecutive days with a satisfactory 
weight balance each day, and at least one con- 
firmatory test. In the weight balance the weights 
of the coal as charged, steam to the retorts and water 
to the scrubbers were set against the weights of the 
yield of dry coke, gas saturated at 60 deg. F. and 
30 in., dry tar, and total liquor. Of the 10 tests, 
three balanced to less than 0-1 per cent., three to 
less than 1 per cent., two to less than 2 per cent., 
and two to less than 2-5 per cent. 

At the beginning of a test the collecting main 
was empty and the vessels for tar and liquor were 
either empty or contained definite quantities, and 
the same conditions were reproduced every 24 hours, 
So as to facilitate measurement. In the two tests 
made to compare the station results on the coal 
used at Uddingston with those of the Uddingston 
works the temperature, throughput and circulation 
were varied so as to reproduce approximately the 
Uddingston conditions. 

Throughout the test readings were taken hourly 
of the fuel gas and water meters, temperatures and 
pressures, gas in the holders, air supply pressure 
gauge, steam pressures on boiler and after the 
reducing valve, weights of feed water to boiler and 


water to the ammonia scrubber, and the counter on 
the coke extractor and number of teeth on the 
extractor ratchet. The temperatures of the com- 
bustion chambers were taken each shift, of the 
flue gases before and after the preheater and the air 
after the preheater daily, and of the coke and the 
interior of the coke chambers during each test. 
The fuel gas and coal gas were tested for carbon 
dioxide and oxygen three times a day, and for 
calorific value once a day, one of the coal-gas tests 
being made on a continuous 24-hours’ sample, on 
which the calorific value and the specific gravity 
were also determined. A continuous 24-hour 
sample of the flue gases was tested once a day, 
and the average reading of a barograph recorded. 
These readings were found sufficient to bring any 
irregularity of working rapidly to notice, and to 
enable it to be traced to its source and promptly 
rectified. 

It was recognised that atmospheric variations 
of wind and temperature affected the results 
materially, but the periods were too short to allow 
inferences to be drawn from the records on these 
points furnished by the neighbouring Royal Obser- 
vatory. 

Sampling, Testing and Analysis—The average 
sample of coal covering a test was derived from 
samples weighing about 5 per cent. of the bulk, 
taken daily from each skip when half-full and when 
full from the crusher. This daily sample, further 
broken down where necessary, was passed all through 
a l-in. sieve, mixed repeatedly on a clean cement 
floor and quartered to about 2 cwt., which was 
passed through a Blake-Marsden crusher set at 
} in., mixed, and quartered to 100 lb. At the end 
of the test the daily 100-Ib. samples were mixed, 
quartered and passed through a disc mill; the 
coarsely ground coal was again mixed and quartered 
to about 25 lb., then ground as finely as possible in 
the disc mill, mixed and quartered to about 10 Ib., 
which was ground by hand to pass all through a 
50-mesh sieve, and 2 lb. of it was taken for the 
laboratory sample. This sample was thus part of 
a fine-ground sample weighing about 0°01 per cent. 
of the coal represented, or one five-hundredth of the 
preliminary sample. 

The coke chambers into which the coke passes on 
leaving the retorts are emptied normally every 
14 hours, and half an hour after every fourth draw 
are again emptied into the sample skip. This skip, 
which is about half-full after 24 hours, is then 
weighed, discharged on the sample floor, and the coke 
crushed to }in. and reduced to about 100 1b. After 
a test the daily samples are mixed and treated like 
the coal samples, the preliminary sample weighing 
about 2 per cent. of the total coke produced, and the 
final 10-lb. sample, of which the laboratory sample 
is part, about 0-013 per cent. Owing to its small 
bulk in the large skip the preliminary sample does 
not require quenching, and the method is said to be 
much more satisfactory than sampling the day’s 
output in bulk. 

Some difficulties arose in assuring accurate 
sampling of the tar and liquor, partly because a 
large proportion of the tar had to be circulated in the 
foul main and without special precautions might 
differ in composition from the remainder, partly 
because of the number of separate vessels to be 
sampled, and partly because of the difficulty of 
separating the two liquids completely. These 
difficulties, however, appear to have been sur- 
mounted successfully. 

The coal gas was sampled from a 200 cub. ft. 
holder, into which the main by-passed about 
6 cub. ft. per hour, or from 0°05 per cent. to 0°1 per 
cent. of the total make. Every 24 hours the gas 
so collected was thoroughly mixed by means of 
a circulating fan, and its calorific value, specific 
gravity and composition determined. The fuel 
gas was sampled by an automatic apparatus, which 
collected an average sample for each 24 hours’ 
working. To ensure accuracy in the’ absence of 
a gasholder for the fuel gas samples the calorific 
value was calculated from the composition, and the 
result compared with the mean of a rough average 
determined daily in a Boys’ calorimeter. No 
significant variation was ever detected, and as a 
rule there was agreement within 1 B.Th.U. to 
2 B.Th.U. The flue gases were sampled from the 





air preheater chimney in a special apparatus, which 





automatically took an average sample for each 
24 hours’ of gases in a rapid stream after cooling in 
a condenser. For further works control snap 
samples were taken periodically, and the carbonic 
acid and oxygen of the coal gas and flue gas tested 
in an Orsat apparatus thrice daily, and the carbonic 
acid and calorific value of the fuel gas once daily. 

The chemical determinations were made by 
defined standard methods. The calorific values 
of the coal and coke were taken in a calorimeter of 
the Berthelot Mahler type, a primer of pure benzoic 
acid of known weight and calorific value being used 
to overcome or reduce the difficulty of completely 
burning the coke. Where some was nevertheless 
left unburnt the dried crucible was ignited after 
the experiment, and the loss in weight taken as 
carbon. The gross and net calorific values of fuel 
gas and coal gas were determined with a Boys’ 
calorimeter, and the coal gas values observed for 
hourly variations by means of a Simmance recording 
calorimeter, the recorded values of which were 
checked daily. These observations furnished in- 
cidentally a useful check on the uniformity of 
carbonisation. 


APPLICATION OF TEST RESULTS TO OTHER 
CoNDITIONS. 


Heat Spent on Settings and Carbonising.—The 
elaborate measurements described above cannot be 
made at an ordinary gas works without prohibitive 
expense, and an essential part of the investigation 
was therefore to find a means of expressing its 
results in such a way as to make them applicable 
to the conditions of other works, where similar 
retorts might be run on the same coals, carbonising 
temperature and precentages of steam, brvt with a 
different setting and perhaps different fuel gas. 

For this purpose the total expenditure of heat is 
roughly analysed into what was spent on the setting, 
which for a given carbonising temperature would be 
something like constant through any variations 
of other conditions, and what was actually used 
on the carbonising process, which even for the same 
carbonising temperature would vary with the coal 
used and its throughput and the percentage of 
steam. The constant expenditure of heat on the 
station setting having been determined by the 
method described below, its amount per hour is 
deducted from the total heat expenditure per hour 
on each test, and the difference expresses the amount 
of heat extra to that spent on the setting which 
for the particular coal, carbonising temperature, 
percentage of steam, and fuel gas used in the station 
test would be required to reproduce the process in 
another setting of a similar plant, and give approxi- 
mately the same thermal and chemical results as 
were obtained at the station. This amount of heat, 
added to the heat expenditure on the new setting 
at the carbonising temperature in question—an 
expenditure to be determined as was done at the 
station or otherwise—gives the total heat to be 
supplied to the new retorts and setting in order to 
obtain from them approximately the same results 
as were obtained in the station test. 

Change of Fuel Gas.—As a fact, however, the fuel 
gas generally used at gas works is not water gas, 
as was used at the station, but some form of pro- 
ducer gas, probably from a producer built into the 
setting, from which it is delivered hot to the com- 
bustion chambers of the retorts. In producer gas 
the combustible gases are diluted with double their 
volume, more or less, of inert gases, which take up 
the same temperature as the products of combustion 
of the combustible gases without contributing to 
it by their own combustion. Producer gas thus 
runs off with a much larger quantity of sensible 
heat than does water gas, and for a given quantity 
of useful heat needs to be supplied in a corre- 
spondingly larger volume than water gas, which 
within a few per cent. is composed entirely of 
combustible gases. On the other hand, producer 
gas in gas works is generally delivered hot instead of 
at atmospheric temperature, as the scrubbed water 
gas of the station was, and so contributes a certain 
amount of sensible heat in reduction of the loss 
through the inert gases. The resultant effect of 
these opposing influences may vary for each gas, 
but the variety of producer gases actually used in 
gas works not being great, the effect of substituting 
for water gas each of two typical producer gases was 
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considered, and the net difference was found to be 
small enough to make it likely that any works could 
get a sufficiently accurate correction by using for 
its producer gas the figure of the more similar of 
the two producer gases considered at the station. 

The calorific values of these gases were 120 B.Th.U. 
and 104 B.Th.U. per cubic foot, as against 310 
B.Th.U. for the water gas. The constant heat 
expenditure required to maintain the carbonising 
temperature in the setting being unaffected by the 
composition of the fuel gas that supplies it, the 
quantities of heat absorbed in the carbonising 
processes in the station tests are the total of the heat 
spent in those tests for all purposes less the constant 
expenditure on the station setting ; and when these 
quantities are multiplied by the ratio of the efficiency 
of the water gas to that of the producer gas in 
question, the products represent the quantities of 
heat required for carbonising the coal and removing 
the products of carbonisation at working temperature 
when the heat is supplied by the producer gas. 
The relative efficiencies are obtained by assuming 
that an excess say of 10 per cent. of air is supplied 
for the combustion of the producer gas, and calcu- 
lating from the temperatures and quantities of the 
flue gases, and from the inlet temperatures and 
quantities and compositions of the fuel gases, the 
percentage of the total heat in the fuel gases that is 
carried off by the flue gases. This figure, expressed 
as the percentage of the total heat of the fuel gases 
that is not so carried off and is therefore used in the 
carbonising process, may be taken to measure the 
efficiency of the fuel gases for the carbonising 
process, each quantity of heat being reckoned after 
deducting the constant expenditure on the setting. 

Measured in this way, the station water gas used 
with the preheater was 1:25 times as efficient as 
one producer gas and 1°21 times as the other. 
Accordingly the figures representing the carbonisa- 
tion processes in the station tests can be applied to 
similar installations fed with a producer gas by 
multiplying the heat supplied in each station 
experiment by 1°25 or 1°21, according as the 
producer gas and temperature are nearer the one 
or the other type of producer gas considered, and 
using the results as the quantities of heat to be 
supplied when using the producer gas instead of 
the water gas used in the station experiments. 

Determination of Heat Spent on Setting.—The 
method adopted for determining the heat spent on 
the setting—that is to say, required for keeping 
it at the carbonising temperature—was to run a 
test during which no heat was spent for any other 
purpose. The doors at the base of the retorts were 
sealed, and the retorts were charged with a weighed 
quantity not of coal but of coke, and kept steadily 
for 48 hours at the carbonising temperature for 
which the heat expenditure on the setting was to be 
determined. The coke was then weighed again, and 
the heat equivalent of what had been consumed 
during the run, reckoned as carbon burnt to carbonic 
oxide, was added to that of the fuel gas consumed, 
calculated from its calorific value as determined 
directly or by analysis, the sum being the total] heat 
supplied during the run. The charge having already 
been carbonised before the test began, this total heat 
was spent on maintaining the retorts at the selected 
temperature by making good the losses due to 
radiation, conduction and convection from the 
settings and the vensible heat carried off in the flue 
gases. The total heat found to have been thus 
spent on the station setting at about its normal 
carbonising temperature—1,266 deg. C.—was 12°4 
therms per hour, and at the carbonising temperature 
used in the Uddingston tests—1,210 deg. C.—was 
9-6 therms. 

Such a determination can obviously be made at 
most gas works without serious difficulty; but 
where necessary the heat spent on the setting can 
alternatively be ascertained by difference, though 
this is less satisfactory than the direct method. This 
may be done by running a test in the works plant 
with the coal and percentage of steam and at the 
carbonising temperature used in one of the station 
tests, measuring accurately the consumption of gas 
and steam, and calculating the total heat they 
supply per hour to the retorts, allowance being made 
where necessary, as described above, for the use of 
producer gas instead of water gas. This total heat 
is the sum of the heat spent on carbonising the 





charge and recovering the products at the working 
temperature, and the heat lost from the setting ; 
and as the station results show the heat spent at the 
station on the setting and therefore the heat spent 
on the carbonising, the deduction of the latter 
quantity from the total heat supplied in the new 
works test leaves the heat spent on the new works’ 
setting. Thus in a test at the station on the same 
coal and at the same carbonising temperature and 
percentage of steam as were used at Uddingston, 
the deduction of the station setting loss at the 
Uddingston carbonising temperature—9°6 therms 
per hour—from the total heat supplied left the heat 
absorbed by the carbonising process; and as this 
was determined by the conditions common to both 
tests and therefore was the same in each, the 
deduction of this carbonising heat from the total 
heat supplied in the Uddingston test gave the heat— 
8-4 therms—spent on the Uddingston setting. 

The calculation can alternatively be made on a 
test run with no steam, or, by using the graphs 
described later on, on tests with intermediate per- 
centages. 

(To be continued.) 





EXPERIMENTS ON THE YIELD POINT 
OF STEEL UNDER TRANSVERSE 
TESTS. 


By Sir ALEXANDER B. W. Kennepy, F.R.S. 


A VERY commonly specified commercial test for 
the strength of cast-iron is that a bar 2 in. by 1 in., 
placed on edge, should be able to stand a load of 
29 cwt. on the centre of a 3-ft. span without breaking. 
This specified load corresponds actually to a calcu- 
lated stress of over 19 tons per square inch on the 
outer surface, whereas the actual tenacity of such 
ordinary cast-iron is only 12 tons to 13 tons per 
square inch. 

In pointing this out to my students some five and 
thirty years ago I ascribed the result to the assistance 
(if one may use a word perhaps hardly applicable to 
inorganic materials) given by less strained layers to 
adjacent more strained layers. If this statement— 
it would hardly be right to call it an explanation— 
were justifiable it would seem to follow that the 
excess of calculated tenacity in the outermost layer 
of—for example—a beam of homogeneous material, 
over the natural tenacity of the same material when 
subjected to a pure tension, would be greatest in 
those sections in which the less stressed material bore 
the greatest ratio to the more highly stressed. That, 
for example, the ratio should be higher in a beam of 
which the section was a square on edge, or a cylinder, 
than in a flat bar section, and that the ratio should 
approach unity as the section became more com- 
pletely I-shaped. 

I made a great number of experiments at the time 
on cast-iron beams of various forms, and in short 
summary their results were as follows :— 








TABLE I. 
Calculated Ratio of 
Maximum Calculated Stress 
Form of Section. Stress at to Tenacity 
Fracture. of the Material. 








tons per sq. in. 
21-8 


Square on edge Bere 2-11 
Circular .. es a 21°95 2-18 
Equil. triangle with apex 

in tension - as 19-4 1-88 
Square on side es os 16-07 1-56 
Equil. triangle with one 

side in tension .. ate 15-34 1-48 











These particular beams were all from the same 
cast, and tensile test-pieces gave the normal tenacity 
of the material as 10-32 tons per square inch. 

A very large number of experiments were made at 
the time, of which those given above formed only 
one set. All gave similar results. A few similar 
experiments were also made with wrought iron bars ; 
structural steel was not then the common material 
which it is now. As such bars would not break in a 
transverse test, the results were only taken up to the 
yield-point. So far as these results went they 
confirmed the sort of ratios indicated above for cast- 
iron, but I did not carry the matter further at the 
time. 

In ordinary construction members subjected to 











ltransverse stress are naturally made generally of 


such a section that the maximum stress may be 
assumed to be fairly uniformly distributed over a 
considerable area at a nearly equal distance from the 
neutral axis. This, of course, refers to all ordinary 
sections of rolled joists, and still more to built-up 
girders. 

But the history of the last few years has 
emphasised the importance of the design of one 
class of “ structures,” at least, in which the stress is 
most un-uniformly distributed through the metal. 
The stress in gun tubes has been generally calculated 
by the help of formule of which, I fear, it is to be 
assumed that the physical foundation is Jess com- 
plete than their mathematical accuracy. Fortunately 
—as so often happens with engineering affairs (and 
the design of big guns is certainly engineering, and 
a very difficult branch of the art)—experience has 
come to the rescue, and our guns have been designed 
so that they behave under stress substantially as 
their designers intend and require them to behave. 
The question whether the stress in them reaches, 
or does not reach, some particular amount which can 
be written down on paper, is after all a compara- 
tively unimportant matter, although one which 
most of us would like to be able to answer. 

I have made recently a series of experiments 
specially designed to elucidate this matter, and with 
the view specially of its possible importance in the 
design of heavy artillery, I have employed a quality 
of steel quite familiar in gun construction. [ 
obtained the material from Messrs. Firth, of Sheffield. 
This firm, on my inquiry, were able to send me 
material from a cast of which the analysis was: 
Carbon, 0-29 per cent.; silicon, 0-19 per cent. ; 
manganese, 0°72 per cent. ; sulphur, 0-033 per cent. ; 
and phosphorus, 0-038 per cent. Mr. Harbord 
has been kind enough to make an analysis for me 
of the metal actually received, and gives me the 
closely identical figures: Carbon, 0-305 per cent. ; 
silicon, 0-203 per cent. ; manganese, 0-719 per cent.; 
sulphur, 0-026 per cent.; and phosphorus, 0-032 
per cent., with 0-03 per cent. of chromium. 

Normalised, this material was said to have a 
yield of 20-2 tons per square inch and a tenacity 
of 36-6 tons per square inch, with an elongation of 
32-5 per cent. in 2 in. 

The actual tests of the material sent, which have 
been very uniform, are as follow :— 

Mean of four tests of samples 10 in. long by 
0-7 in. diameter :—Yield 19-13 tons per square inch, 
tenacity 35:93 tons per square inch, extension 
21-7 per cent. in 10 in. 

Mean of two tests of samples 1-5 in. long and 
0-426 in. diameter :—Yield 20-21 tons per square 
inch, tenacity 35-48 tons per square inch, extension 
33-6 per cent. on 1$ in. 

I placed the carrying out of my whole programme 
of experiments in the hands of my friend, Mr. H. R. J. 
Burstall (of Messrs. Burstall and Monkhouse), who 
has personally done the whole of the experimental 
work in his laboratory, and to whom I am greatly 
indebted for the care which he has bestowed on it. 
A good deal of the actual strain measuring apparatus 
had to be specially designed by him for the purpose 
of the experiments. 

The material, which all came from the same cast, 
was sent me in the form of 2 in. by 1 in. flat bar and 
2 in. square bar steel, cut into lengths of about 
3 ft. 9 in. From each length two pieces were cut, 
one to be tested as a beam and one for a tensile 
test. The whole of the test-pieces were machined 
all over, the finished dimensions being approximately 
1-75 in. by 0-75 in., and 1-75 in. square, for the 
beams, and 0-70 in. diameter for the tensile test- 
pieces. 

Six beams of each size were tested on a span of 
24in. Three of each were loaded in the centre of the 
span, and three with the load equally distributed at 
two points 10 in. apart. The flat beams were tested 
with the longer side in the plane of bending, the 
square beams were tested on edge, i.e., with one 
diagonal in the plane of bending. 

The tension tests were made on an effective length 
of 10 in. 

The load was applied (as is shown by the curves) 
in such increments as to give about 15 measured 
points before the yield-point was reached. After the 
calculated stress reached about 20,000 Ib. per square 
inch the load was removed at each, (or every second), 
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TABLE II.—Stree,t ExpertMents. 





































































































Tule @ } 

I. | II. Ill, IV. Lr VI. VII. Vill. IX. x. XI. 

Calculated 
Beam. * ai “ 
| Section f ne E Tensile Test. Extension E Ratio Ratio. 
Mark. | of Loading on (‘Tons per (Tons per Yield- in 10 In. {| Tons per Vv " 

| Beam. Span of § 9g Sq. In.). Point Tenacity | Per Cent. | Sq. In. IV. Vv. 
24 In. usee (Tons per | (Tons per VI. Ix. 
| Layer). Sq. In.). | Sq. In.). 

40,533 | Rectangular | Central 30-1 13,450 19-7 35-73 23-3 12,900 | 1-53 1-043 
534 | Rectangular | Central 30-4 14,100 19-6 13,550 1-55 1-041 
535 | Rectangular | Central 30-4 14,250 19-3 13,550 1-58 1-052 

Mean 30°3 13,930 9°5 13,330 1:55 1-044 

40.536 | Rectangular | At two points 28-6 15,150 18-6 35°73 21-5 13,500 1-54 1-122 

10 in. apart 
537 | Rectangular ” ”” 26-8 15,300 19°6 12,950 1-37 1-181 
538 | Rectangular 9 Py 28-0 14,150 18-9 13,250 1-48 1-067 
27°8 14,870 19-0 13,230 1-46 1-123 

40,539 | Sq. on edge | Central 39-4 13,750 19-7 36°50 21°5 13,150 2-00 1-053 
540 | Sq. on edge | Central 37-5 14,300 18-8 12,850 1-99 1-087 
541 | Sq. on edge | Central 37-9 14,250 19-4 13,400 1°96 1-092 

38-2 14;100 19-3 13,130 1-98 1-07 

40,542 | Sq. on edge | At two points 28-6 14,600 19-4 13,150 1:48 1-110 

10 in. apart 
543 | Sq. on edge 9 ” 32°2 14,650 19-6 12,850 1-64 1-140 
544 | Sq. on edge 29 PY) 34-0 15,500 18°7 35°77 20-4 13,400 1°82 1-157 
; 31-6 14,920 19-2 35-93 21-7 13,130 1-64 1-136 
= ——— ———= —— ——— eos === 
TaBLeE III.—Cast-IRon EXPERIMENTS. 
| 
I. If. IIT. IV. V. Vi. VIl. 
Number Calculated Stress Tenacity in | Ratio 
Mark. Section of Beam. Loading. of at Fracture. Tension. x. 
Experiment. Tons per Sq. In. Tons per Sq. In. | Vi. 
40,433 Rectangular .-| Centre 5 26-2 12-35 2-12 
to Square on edge .-| Centre oii 5 29-4 “ 2-39 
40.438 Rectangular ..| At two points 2 23°4 | (three tests) 1-89 
Square on edge -| At two points 2 26-9 2-18 
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observation to find the permanent set—if any. 
The limit of proportionality, the yield-point and the 
modulus of elasticity were in this way determined 
for every test. 

Four of the 12 tensile test-pieces were tested to 
fracture with the results mentioned above and given 
in Table II. All the other tests were taken only 
to the yield-point, in most cases being once repeated 
up to nearly that point. The repetition test showed 
in every case a raised limit of proportionality,—in 
some cases close up to the yield-point. The modulus 
of elasticity remained unaltered in every case, (as 
is shown by the slope of the curves), and of course 
the yield-point,—the load at which had not been 
maintained for more than a minute or so,—was also 
unaltered, 

The chief results of the experiments, so far as they 
affect the object in view, are detailed in the accom- 
panying Table II, which gives the observed yield- 
point and the calculated value of E for each of the 
12 beams. It gives also the observed yield-point 
and value of E for each of the 12 corresponding 







tensile test-pieces, together with 
the tenacity and the final ex- 
tension of the four tensile 
pieces which were tested to 
destruction. 

The yield- point was in all 
cases, both in the transverse 
and tensile tests, very well 
marked, as will be seen from 
the two curves reproduced. In 
the 12 tensile tests it was very 
constant. With one exception 
(which does not appear to have 
any importance) it was also 
normally constant over each set 
of three transverse tests. The 
ratio of the calculated yield- 
point stress in the transverse 
tests to the tensile yield-point 
is given in Column X of the 
table. For the rectangular 
beams with central loading it 
is 1-55, and with distributed 
loading (constant bending mo- 
ment over the centre portion of 
the span) it is 1-46. For the square beams 
tested on edge these ratios are 1-98 and 1-64 
respectively. a = 7 7 

The greater ratios of transversely measured stress 
at the yield-point to direct tensile stress in the square 
on edge than in the plain bar I can only attribute 
to the cause suggested above, that the area of the 
less stressed material bears a greater ratio to that of 
the more stressed in the one section than in the 
other. 

The ratio in Column X appears always greater 
in the case of the centrally-loaded beams than in that 
of the beams in which there is a constant bending 
moment. This may be very probably due, I think, 
to the fact that in the one case the stress varies 
both across the beam and along its length, while in 
the other it is only the former variation which 
occurs—lengthwise from point to point the stress 
does not alter on account of the constancy of the 
bending moment. 

In respect to the value of Young’s modulus E, 
it will be noticed that the 12 tensile tests give very 
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737 
closely equal values, the average being 13,200 tons 
per square inch. The values of E deduced by 
calculation from the deflection of the beams are 
greater in every individual case as well as in the 
averages than the tensile test values—the differences 
are shown in Column XI. It will be noticed also 
that the ratio between the two sets of values is 
uniformly greater in the cases where the load has 
been distributed than when it was central. I can 
suggest no reason for these differences except that 
the actual physical properties and behaviour of 
the material differ from those which form the basis 
of the equation for calculating E from the deflection 
which the mathematicians have worked out for us. 

In addition to the tests of steel summarised above, 
tests of cast-iron were also carried out, the chief 
results of which are given in Table III. The 
material used was all from the same pouring, and 
represented good ordinary commercial metal. The 
pieces were all machined all over, not less than 
4 in. being taken off the rough metal anywhere. 
The tensile pieces were machined to about 0-8 in. 
diameter and 10 in. long. The beams were machined 
to about 1-75 in. by 0-75 in. Some were tested 
on 24 in. and some on 12-in. span, the shorter lengths 
being the halves of the broken longer beams. The 
breaking stresses did not show any difference due 
to this use of broken halves. 

The metal after fracture was in every case found 
to be sound. 

The tenacity was determined on three tests only, 
and under those conditions, and in view of the 
natural variability of ordinary castings, the figures 
on Table IIT can only be taken as reasonably close 
approximations so far as they relate to the ratio 
given in column VII. In every respect, however, 
the results are similar to those obtained with the 
steel bars, although with a somewhat smaller 
difference between the breaking stress in the two 
sections than between the yield-points of the steel 
in the similar sections. The ratio between the 
calculated breaking stresses in the transverse tests 
and the normal tenacity of the material tested in 
tension is considerably larger than that shown by 
the steel, and in some cases larger also than in my 
older experiments summarised above. 

I think it can hardly be doubted that the stresses 
in a thick cylinder subjected to internal pressure, 
where the intensity of a stress varies very rapidly 
across the thickness of the metal, are analogous to 
those existing in the outer layers of the beams which 
formed the subject of my experiments, although 
unfortunately their conditions do not lend them- 
selves so readily to physical determination. I 
cannot think, therefore, that any formule connected 
with the determination or distribution of stress in 
thick cylinders which do not take into account these 
phenomena can have real scientific value. I have 
never been able to discover that the suggested 
formule had any other than a purely mathematical 
basis. Such a basis if applied to ordinary con- 
structional work, would indicate to us, as I pointed 
out at the beginning of this paper, that every cast- 
iron test bar ever proved ought to break under a 
load about two-thirds as great as that which it was 
specified to stand. 

I think the whole matter may be summed up much 
as follows: We have, to start with, the knowledge 
that the moment of stress in any cross-section of a 
beam must be equal to the bending moment at that 
section due to the load. The formule always 
employed assume that the intensity of stress in any 
layer in the section varies as the distance of that . 
layer from the neutral axis. Using these formule 
experiment shows that the (calculated) maximum 
intensity of tensile stress in a beam must often be 
much greater than the tenacity of the material. 
That this is really the case does not seem to me an 
assumption prima facie impossible, for the reason 
I have suggested. It is certainly not proved, how- 
ever, and therefore in my notes I have indicated the 
stress always as “calculated” stress. The only 
alternative assumption, which so far as it goes 
seems borne out by the values of Young’s modulus 
given in Column V of Table II, is that the accepted 
formule must be radically modified to allow for an 
altogether different distribution of stress intensity. 

I think these conclusions must be taken as 
applicable in principle to all cases where the stress 
in the material varies from point to point or layer 





to layer across a section. I hope that some mathe- 
matically-minded investigator may work the matter 
out and devise formule based on one or other 
assumption which will be really physically applicable 
to the problems in question. 





MINING EXHIBITION AT THE 
AGRICULTURAL HALL. 


(Concluded from page 713.) 


Mzssrs. Hugh Woop anp Co., LimiTep, of 
65, Fenchurch-street, London, E.C. 3, who represent 
the Jeffrey Manufacturing Company, of The United 
States, in this country, exhibited various kinds of 
mining apparatus and machinery. We have illus- 
trated on a former occasion their spiral separator for 
automatically separating rock and dirt from coal 
which depends for its action on the differences 
between the frictional resistance of coal and foreign 
matter when sliding down a spiral shoot under the 
action of gravity. Separators of this type are built 
to deal with quantities up to 10 tons per hour. 
They will deal with sized coal varying from 6-in. 
lumps to }-in. screenings, and besides taking up 
comparatively little room, they will automatically 
discriminate between coal and stone to a remarkable 
degree. Another exhibit was a single-roll coal crusher, 
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The governor at the top of the gear is driven 
by the bevel wheels at the bottom, which in turn 
are driven from the crankshaft of the engine through 
chain and sprocket gearing. The worm }, which 
gears with the wheel c is also chain driven as shown 
in Fig. 18. By means of this worm gear the disc d 
is caused to make nearly one revolution for a com- 
plete wind of the engine. Attached to the disc dis a 
curved steel bar e which acts like a cam and controls 
the position of a clutch f according to the position 
of the cage by means of a system of levers. This 
clutch does not normally rotate but merely slides 
up and down the governor spindle. A very short 
distance above it is another similar clutch g driven 
by the spindle. The position of g is determined 
by the height of the governor and therefore by the 
speed of the engine. 

Should the engine be going too fast at any portion 
of its wind the clutch g will be lowered into engage- 
ment with the clutch f immediately below it. This 
causes the rotation of the sleeve attached to the 
latter clutch, and sets in motion the three spur 
wheels below. The two driven wheels, each drive 
a right and left-handed screw respectively, and there 
are nuts on the screws which are prevented from 
rotating. Whichever way the engine happens to be 
running, one of these nuts will rise, carrying with it 





one of the bell crank levers, and will apply the brake 
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same spindle, which are moved simultaneously, 
When the engine man moves one end of a floating 
lever, the valves are moved so as to admit steam 
to one side of the steam piston and water to one 
side of the water piston, the opposite sides of the 
pistons being connected to exhaust. The steam at 
once forces the pistons forward, this movement 
acting upon the floating lever and closing the valves 
automatically. The water piston is thus locked in its 
cylinder and the piston rod cannot therefore move 
further, in spite of the pressure of the steam in the 
other cylinder, until the engine man moves the lever 
further. The movement of the pistons and, therefore, 
the application and removal of the brake, can thus 
be controlled with great certainty and precision. 
The Brightside Foundry and Engineering Com- 
pany, Limited of Sheffield, showed a motor-driven 
pump for hydraulic work, of the type illustrated in 
Fig. 20, page 740. The pump is of the usual three- 
throw type with rams 33 in. diameter by 12 in. stroke, 
and it will deliver 60 gallons of water per minute 
at a normal pressure of 2,000 Ib. per square inch. 
The motor is of 35 b.h.p. at 725 r.p.m., this speed 
being reduced to 57 r.p.m. at the crankshaft by 
means of double reduction gearing. In the illus- 
tration spur-gearing is shown for the second- 
reduction, but in the pump exhibited double’ helical 





machine-cut gear was used throughout. The'special 
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in which lump or run-of-mine coal is reduced to size 
suitable for automatic stokers by passing between 
a single-toothed roll and an adjustable plate. The 
teeth of the roll are cast solid with the renewable 
segments of which the drum is composed. Also on 
the stand were two coal cutters, which are specially 
interesting machines for the reason that they are 
designed both for long-wall and arc-wall cutting. 
They are self-propelled with a fast speed for 
travelling and a slow speed for feeding into the coal, 
and can be arranged to cut at any height between 
the top and bottom of the seam. This enables any 
band of dirt or shale to be cut out, and the' coai to 
be got out in a cleaner condition. The machine 
illustrated in Fig. 16 is driven by a 60-b.h.p. electric 
motor, the other one being fitted with an air motor. 
This is of the doukle helical gear type in which air 
is admitted at the point of junction of the two 
helices and expands in the spaces between con- 
secutive teeth as the wheels revolve. The wheels 
run on a closely-fitting casing, and the air cannot 
escape until the outer ends of the teeth pass the 
pitch line, and so open the spaces to the ends of the 
wheels. The helical wheels in the Jeffrey motor are 
not cut with ordinary spiral teeth, but are built 
up of a number of toothed discs displaced cireum- 
ferentially by the required angle, so that a stepped 
tooth arrangement is produced. 

The Worsley Mesnes Ironworks, Limited, of 
Wigan, exhibited their apparatus to prevent over- 
winding. We illustrate this in Figs. 17 and 18, on 
page 739. The apparatus controls the cage through- 
out its whole journey. It prevents the engines 
exceeding a predetermined speed for all portions 





of the wind, and it also controls the rate of 
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gradually by a lever system acting through the rod k. | feature of the pump is the ease with which any barrel 
Before this can happen and, indeed, immediately | can be removed, as the barrels are held in position by 


the clutch f commences to revolve, the cam / trips | a cramping-cap secured by studs and nuts. 


the lever m and causes the stop valve to be in- 
stantaneously shut by the action of the spring n. 
The cam band ¢ is adjusted to suit the particular 
rate of retardation required, and in addition to 
raising the clutch f as described, it also raises the 
cam J until it is opposite the toe of the lever s. 
Should overspeed result in the clutch f, and therefore 
the cam I, being set revolving in this position, which 
is near the end of a wind, the toe of the lever s will 
be moved by the cam, and the brake will be instantly 
applied with full power by the loaded spring ¢. 


Furthermore, should the engine man run too far | 


at the end of a wind, or start his engines in the 
wrong direction, the cam u or v will be set opposite 
its respective lever x or wand trip both the loaded 
springs, so that the brake will be put full on and the 
stop -valve closed instantaneously. The steam 
brake is applied gradually when the engines are 


running fast and suddenly when they are running | in addition to the saving of time. 


slowly. The re-setting of the gear, after it has 
acted, can be done in 30 seconds. 
Fig. 19 shows Mellings’ patent steam brake, also 
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Fig. 21 
shows a pair of automatic cage keps made by the 
Brightside Company. Such a pair of keps supports 
each side of the cage at the top of the shaft, the two 
pairs being coupled together for simultaneous 
operation. Each kep is worked by a crank keyed 
to the operating shaft, the crank-pin being con- 
nected by a pair of links to a pin near the toe of the 
kep, so that the crank and links form a kind of 
toggle motion, by means of which the kep can be 
slid into and out of its housing. When in their 
forward position, as shown, the keps can be tipped 
backwards by the up-coming cage, should the 
attendant not have withdrawn them in readiness for 
the landing. The proportions of the toggle are 
such that the keps can be withdrawn with the loaded 
or unloaded cage resting on them, so that the engine 
man has not to lift the cage prior to descending. A 
fruitful source of accidents is thus done away with 
The keps are 
made to deal with cages of 10 tons, 20 tons or 30 tons, 
loaded weight. 

The press shown in Fig. 22, page 740, is of a robust 


made by the Worsley Mesnes Ironworks, Limited. | and inexpensive type, specially designed by the 


This brake can be applied to any type of brake gear, 
and works with or without dead weights. In the 





Brightside Foundry and Engineering Company, Ltd.. 
for the manufacture of roofing tiles. The die is 


former case the weights hold the brake on until the | worked by a cast steel toggle motion driven in the 
engine man moves his brake handle and admits | usual way by a connecting rod from the slow speed 
steam to overcome them. The action and release | shaft at the back. The thrust of the upper toggle 
of the brake can be made as slowly or quickly as | is not taken direct by the frame of the machine but 
desired. The special feature of the brake is the | by a loose block of metal held in position in the 
water cylinder shown below and in line with the | frame by the long bolt and spring arrangement seen 
steam cylinder. The admission and exhaust of | at the front of the machine. This spring will yield 


retardation at the upper and lower ends of the | steam and water to the respective cylinders is con- | if a piece of metal or other incompressible substance 
wind and prevents winding beyond fixed limits. 





| trolled by a series of balanced piston valves on the | be present in the clay, and so save any part of the 
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machine from fracture. The machine automatically 
ejects the tiles as made and places the impressed ones 
in position. It runs continuously and will produce 
1,000 tiles per hour, 11 in. long by 7 in. wide and 
3 in. thick complete with nibs and nail holes. 

Messrs. Robert Heath and Low Moor Limited, of 
Bradford, Yorkshire, showed many samples of the 
well-known Low-moor iron twisted and contorted to 
exhibit its properties, and samples of cold-blast 
pig-iron for chilled rolls and cylinders were also on 
view. The same firm had also a fine display of 
machinery of their manufacture on the stand. 
Fig. 23, page 756, shows a vertical cross-coupled 
hauling engine, suitable for main and tail haulage 
with drums 18 in. diameter by 12 in. wide, accom- 
modating 850 yards of 4-in. rope or 1,500 yards of 
3-in. rope. The cylinders are 6} in. diameter by 
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7-in. stroke, and are designed either for steam or 


from Engine 





Fies. 17 to 19. Meniinaes WinpING CoNTROLLER AND STEAM BRAKE; Messrs. WORSLEY 


compressed air. The engines will give an average 
rope pull of 2,500 Ib. with a pressure of 80 Ib. per 
square inch, and higher pressures may be used. 
Link-motion reversing gear is fitted when desired. 
Fig. 24, on the same page, shows a main and tail 
haulage gear to be driven by a 25-b.h.p. electric 
motor. This plant will give a rope speed of 4 miles 
an hour with a pull of 2,300 Ib. on the rope. The 
drums are 2 ft. 6 in. diameter by 18 in. wide with 
cast-iron centres and mild steel side plates. They 
will take 1,500 yards of }-in. rope. The whole 
gear is self-contained on a mild steel bed-plate with 
an extension to carry the motor. A main rope 
haulage gear made by Messrs. Robert Heath and 
Low Moor, Limited, is shown in Fig. 25. This has 
asingle drum 2 ft. 6 in. diameter by 18 in. wide, 
built up with a cast-iron centre and mild steel 
flanges, 4 ft. diameter. A cast-iron brake ring is 
bolted on at the side. The engine, which can be used 
either with compressed air or steam, has cylinders 
10 in. diameter by 14-in. stroke, and will give a rope 


Fig. 08. 





pull of 5,200 Ib. with a pressure of 80 Ib. per square 
inch at the stop valve. The rope speed is 5 m.p.h. 





The construction is too clearly shéwn by the illus- 
tration for detailed description 'to be necessary. 

The Yorkshire Engine Company, Limited, of 
Meadow Hall Works, Sheffield, exhibited a totally- 
enclosed coal-cutting machine of the disc type 
driven by a horizontal three-cylinder air engine. 
The cylinders are 7 in. diameter by 9-in. stroke, 
and the machine has an overall length of 9 ft. 9 in. 
a height of 21 in., and a total width exclusive of 
cutter wheel of 3 ft. 6 in. Its weight is 50 cwt. 
The machine will cut in both directions, and will 
undercut from 42 in. to 54 in. according to the size 
of the wheel fitted. It will get through its work in 
hard coal at the rate of 8 yards to 12 yards per hour. 
It cuts at floor level and is claimed to be the most 
powerful of its ‘class yet constructed and to have 
fewer working parts than any comparable machine. 
The one on the'stand was opened up for inspection, 





and the simplicity of the “‘ works” was certainly 
very attractive. 

Other interesting machines shown by the York- 
shire Engine Company were the colliery haulages 
driven by oscillating engines. There were three on 
the stand, of different sizes, the cylinders ranging 
from 3 in. by 4} in. to 8 in. by 10 in. The photo- 
graph reproduced in Fig. 26, page 756, shows a 
haulage with an engine of the latter size. There are 
two winding drums, one on each side of the centre 
gear wheel, these being 24 in. diameter by 16 in. 
wide for the machine in question. The drums are 
free to revolve on the shaft and are fitted with gun- 
metal bushes. They are engaged with the shaft by 
means of sliding dog-clutches of cast steel. The 
drums are controlled with great ease by the re- 
versing lever, and the engines can be reversed under 
load without danger. The machines on the stand 
were shown working, air being provided by a Belliss 
compressor, and instant reversal at full speed could 
be effected. The cylinders are double-acting and 
the valve for each which is stationary except when 
moved by hand for reversing, is a circular plate with 
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sector shaped air and exhaust ports over which the 
cylinder™ ports oscillate as the engine runs. The 
exhaust ports are open freely to atmosphere, and 
there are no pipes in which freezing can occur. 
The whole design is extremely simple and haulages 
of this type. which are built in 10 standard sizes, 
are said to be most satisfactory in actual work. 
Messrs. Meldrums, Limited, of Timperley, near 
Altrincham, Cheshire, the Chemical Engineering 
and Wilton’s Patent Furnace Company, Limited, of 
76, Victoria-street, London, 8S.W., and the Turbine 
Furnace Company, Limited, of 238B, Gray’s Inn- 
road, London, W.C., all showed furnaces suitable 
for internally-fired boilers. In every case draught 
is induced by a number of steam jets acting 
as air injectors below the fire-bars. In the 
Meldrum furnace the fire-bars run longitudin- 











ally and are narrow bars of the ordinary type, 


Fig. 79. 
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with narrow air spaces. Secondary air is ad- 
mitted by a rising flap in the dead plate just 
inside the door, which is automatically opened when 
the door is closed after firing. This secondary air 
door can be closed at any time, by the fireman. 
In Wilton’s patent furnace the fire-bars which run 
transversely across the furnace, are deep castings 
with circular holes through the webs. When in 
position the holes coincide axially to form circular 
air channels to which air is supplied by the steam 
jets. In the “ Turbine ” furnace, whose name seems 
of rather questionable appropriateness, the steam 
jets work in U-shaped longitudinal troughs tapering 
in depth from front to back. The fire-bars are short 
plates placed transversely across the top of each 
trough, and projecting downwards into it so as to 
deflect a portion of the air upwards and forwards 
through the fuel bed. Secondary air can be admitted 
behind the bridge wall to complete the combustion 
of unburned hydrocarbons and thus to prevent 
smoke and waste. Each of the three furnaces 
mentioned deals effectively, in its own way, with the 





difficulties of getting uniform combustion all over the 
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MACHINERY AT THE AGRICULTURAL HALL. 


CONSTRUCTED BY THE BRIGHTSIDE FOUNDRY AND ENGINEERING COMPANY, LIMITED, SHEFFIELD. 




















Fig. 20. Motor-Driven Hypravtic Pump. 
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grate area and of burning low-grade fuels in a 
satisfactory manner. 

Messrs. E. Green and Son, Limited, of Wakefield, 
the well-known economiser makers, had on their 
stand a full-sized 96 tube economiser with the scraper 
gear working. In order to meet modern power- 
house conditions, in which the flue gases leave 
the top of the boiler and pass almost straight up- 
wards to the stack, so that there are no underground 
flues to place the economiser in, Messrs. Green have 
developed a horizontal type of economiser with 
cast-iron tubes which is placed directly over the 
boiler. This economiser is built of horizontal 
sections of three tubes:each, and any desired height 
or width is built up of such sections. Several 
sections can be paralleled if desired, but however 
they are connected, th feeding arrangements are 
such that the hottest water is at the top of the 
economiser, The fact that cast-iron tubes are used, 
and the small head-room required for the type, 
are favourable features for power station work.’ The 
individual sections are, moreover, sufficiently light 
to be handled without difficulty, and as they are 
independently supported, any section can be with- 
drawn for inspection, repair or replacement with 
very little expenditure of time or trouble. The 
increased boiler pressures in modern power plants 
have led Messrs. Green to introduce a new form of 
tube attachment in which the friction grip of the 





tube in the header which was previously relied on, 
is reinforced by a mechanical grip. In the “ Ring- 
stay ”’ joint as it is called, the tube is shouldered just 
outside the header, and a split ring abutting against 
this shoulder, is held in place by a sort of gland 
tightened up by four set screws. Tests have 
shown that such joints are capable of standing a 
tension of 20 tons in addition to their ordinary 
frictional resistance, the latter being quite adequate 
for pressures usually worked with. 

The Lea Recorder Company, Limited, of 28, 
Deansgate, Manchester, showed apparatus for mak- 
ing continuous measurements of the coal burnt in 
boiler-furnaces, and the water evaporated, so that 
the true practical efficiency with which the plant is 
operated is known at the end of every shift, or day’s 
work, It is now generally recognised that daily 
coal and water measurements are indispensable as a 
guide to efficient operation of boiler plant, as the 
water evaporated per pound of coal is the funda- 
mental figure in operation, all other boiler-house 
instrument records being merely subsidiary. The 
Lea V-notch water recorder, and the automatic 
coal meter for chain-grate stokers are now too well 
known to need description, but a newer device, 
known as the Romer-Lea coal meter is interesting 
both on account of its extreme simplicity, and the 
ease of its application to situations where the lowness 
of the overhead bunkers prevents the use of auto- 
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matic coal scales. The Romer-Lea meter consists 
merely of a counting device driven by a short endless 
chain, one side of which is arranged to travel down 
the centre-line of a coal shoot. The passage of the 
coal down the shoot drives the chain and so works 
the counter. It is claimed that the quantity of coal 
which passes is recorded with quite equal accuracy 
to that which is obtained in other power station 
measurements, the error being within 2 per cent. 

In addition to the exhibits we have described 
there were many others which deserved the attention 
of visitors interested in mining work or engineering 
generally. The Rhondda Engineering and Mining 
Co., Limited; of Bridgend, South Wales, showed their 
simple and effective hydraulic separator, or wash- 
ing machine. The Victaulic Company, Limited, of 
28, Victoria-street, S.W., showed the “ Victaulic ” 
pipe joint in which flexibility and tightness are 
secured by a double-cupped ring of soft material, 
retained by a steel projecting ring. Messrs. W. H. 
Dorman, Limited, of Stafford, exhibited the ‘‘ Flex- 
stel” pipe, which is a steel pipe in short lengths 
coupled by ball and socket joints packed by hy- 
draulic leathers. Messrs. John Thompson, Ltd., of 
Wolverhampton, showed boilers and superheaters 
in addition to a large Kennicott water softener in 
working order. The British Thomson-Houston 
Company, Limited, of Rughy, Messrs. Ferguson, 
Pailin, Limited, of Higher Openshaw, Manchester, 
and Messrs. Switchgear and Cowans, Limited, of Old 
Trafford, Manchester, all showed ironclad switch 
gear especially designed for safety in mines and 
other exposed or dangerous situations. Messrs. 
Ferodo, Limited, of Chapel-en-le-Frith, Derbyshire, 
exhibited many kinds of their brake and clutch 
lining material, and the extensive use of Ferodo 
brake linings on the haulage and other machinery 
at the show, emphasised the utility of this material. 

In our article on the Mining Exhibition pub- 
lished in our last issue, when dealing with the 
‘“‘Raybeam ” electric gauge-glass illumination, we 
remarked that the example of this device fitted to 
a Davey-Paxman which was in use did not give 





such a strikingly clear indication of the water-level 
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as was afforded by other examples of the illumi- 
nator the gauge-glasses of which were charged 
with cold water. Messrs. Ronald Trist and Co., 
Limited, have since written to us explaining that 
the reason for this was that the boiler in question, 
which was a new one, ** had been under steam for 
six weeks and had never been properly blown 
through, with the result that the water was in 
such a state that no electric rays could pass 
through.” 





INDUSTRIAL NOTES. 

Ir is announced that as a result of requests from 
several of their district councils, the Executive of the 
National Union of Railwaymen have decided to put 
forward a resolution at the next Trades Union Congress 
calling upon all organised workers to demand a 6-hour 
working day. A future resolution may possibly ask 
for one single 6-hour working day in the week and 
six days rest. : 





As intimated in our last issue, in the matter of the 
difficulty with the United Society of Boilermakers and 
Iron and Steel Shipbuilders, the employers have replied 
to the resolution we referred to by stating that although 
they are prepared to accede to the request for a further 
conference, they cannot entertain the proposal embodied 
in the resolution. They remind the Society’s Executive 
that the overtime agreement having been constitu- 
tionally negotiated and concluded with the Federation 
of Engineering and Shipbuilding Trades to cover both 
piece-workers and time-workers,*they are unable 
grant differential treatment to the Boilermakers’ 
Society. The employers further maintain that there is 
no need for arbitration in the case, as the position is 
perfectly clear. A definite agreement was made 
between the employers and the Trades Federation, at 
a time when this Federation included the Boilermakers’ 
Society and about 30 other unions; the agreement 
having been accepted through the Trades Federation 
by the 30 unions there can be no arbitration in regard 
to one of the constituent unions, the Boilermakers’ 
Society, which has, since, been expelled from the Trades 
Federation. Following a meeting on Monday of the 
Jarrow branches of the Boilermakers’ Society, it was 
stated that they also found that there was nothing to 
arbitrate upon, and even if there were, the time had 
not arrived to ask for arbitration. 





A report was current at the commencement of the 
week to the effect that the Platen Printing Machine 
Minders’ Society was to move on Thursday (yesterday) 
at a meeting of delegates of the London Trades Council 
a resolution stating the following: ‘‘ That this meeting 
of the London Trades Council is of opinion that the time 
has now arrived when the trade unions should exercise 
a censorship of the press, owing to the fact of gross 
misrepresentation from time to time of the position 
of the workers in trade disputes, and with this object 
in view the Trades Union Congress be approached to 
consider ways and means of enforcing same.” 





Difficulties have arisen between the National Union 
of Distributive and Allied Workers and the Co-operative 
Wholesale Society. Their origin is traceable to a strike 
which occurred some time ago among the workers at 
Pelaw and Silvertown against a reduction of 2s. per 
week for males and 1s. for females. Negotiations 
for a settlement of this strike having broken down, the 
National Union decided to withdraw the whole of their 
membership in the employ of the Co-operative Whole- 
sale Society. ‘The goods of the latter society have also 
been boycotted. The dispute has spread its effects 
throughout the country and tends to affect other 
unions, the Transport Workers’ Federation among 
others, 





As a result of the somewhat puzzling situation that 
has developed in the iron and steel trades, business at 
the weekly meeting on the 12th inst. of the London 
Tron and Steel Exchange was very uneven. In certain 
directions the Continental manufacturers were com- 
peting keenly not only with British manufacturers, but 
also amongst themselves for any orders that were to 
be obtained. Directly a few orders had been secured 
at low prices, works withdrew, and their place was 
usually taken by other manufacturers eager to obtain 
a little business. As a rule there were not more than 
one or two manufacturers in the market at the same 
time at “‘cut”’ prices and their quotations varied to 
an unusual degree. With prices fluctuating from day 
to day the position of buyers was difficult as it was next 
to impossible to determine the market situation at 
the moment, ‘and as a consequence a good deal of 
business was held up until the outlook became clearer. 
The general demand for most descriptions of iron and 
steel continued quiet; but latterly there were signs 
of an improvement in the trade with India, which 





has been almost stagnant for the past month or two. 
The British production of pig-iron was well maintained, 
although the exports had fallen off-considerably, the 
shipments to Germany from the North-East Coast 
during May being 10,000 tons less than in April. The 
market for semi-finished material has been rather dull, 
as many consumers have covered their requirements 
for some time to come. Supplies of semi-finished 
material from the Continent were restricted to a few 
small parcels, although of late there have been indica- 
tions that Continental manufacturers were anxious 
to sell in the British market. The home producers, 
howevér, seemed inclined to meet competition where 
important orders were concerned. 





“CIMENT FONDU.” 
To tHe Eprror or ENGINEERING. 

Sir,—It was with a great deal of interest that I read 
the article on ‘‘ Ciment Fondu” which appeared in your 
issue of May 18, The article described two kinds of 
tests carried’ out.on Ciment Fondu in this country; 
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Loading. 

First .. 23 -s| 4°25 | 3°80] 2-65 | 2°35 | 2-25 

Second 4:60 | 3:25] 3-00| 3-00| 3-00 

Third .. 4:00; 3-00; 3:00]: 3-00] 3-00 
Unloading. 

First .. “4 ~¢ _ 2°85 | 3-25 _ _ 

Second ° i — 2°80 | 3-25 — _ 

Third .. oo 2-80} 3-15 _ _ 














(1) Tensile tests on neat cement and mortar briquettes, 
(2) Crushing tests on 6-in. cubes of a 1: 2: 4 mixture by 
volume, 

The results of the tests go to show that whereas the 
neat briquettes fall off in strength from 1,003 lb. per 
square inch at the age of 24 hours to 861 Ib. per square 
inch at the age of 91 days, after which period the strength 
is alleged to remain constant, mortar briquettes show a 
practically steady increase from 565 lb. per square inch 
at the oge of 24 hours to 620 Ib. per square inch at 91 
days. No doubt the different proportions of water used 
(24 per cent. by weight in the case of neat, and 8 per cent. 
by weight in the case of mortar briquettes) would account 
in @ measure for the falling off in strength \in the one 


instance and for the steady increase in the other case. 
As the result of crushing tests it appears that _Ciment 








Fondu concrete would at the age of 24 hours stand about 
8,000 Ib. per square inch, truly a phenomenal result, 
T understand, however, that actual failure occurred very 
suddenly, the cube giving no indication of failure until 
the ultimate load was reached, This would suggest to 
my mind the necessity of subjecting Ciment Fondu 
concrete to tests other than tensile and compression 
before applying it to important and costly structures, 
If a material fails suddenly without any warning, the 
natural inference is that its elastic properties are 
Ciment Fondu concrete, therefore, like high tensile steel, 
may reach a high ultimate strength, and rapidly at that, 
at the expense of its resiliency. 

Professor Lea, as the result of important investigations 
on the modul lasticity of concrete, has shown that 
when a concrete specimen is loaded up to a certain stress 
and then unloaded, and. the stress-strain curves plotted 
for the loading and unloading, the two curves do not 
coincide, giving at no stress a permanent set after the 
first loading, and corresponding to about one-eighth of 
the total strain in the concrete produced by a stress of 
1,000 Ib. per square inch. Professor Lea’s investigations 
go to show that after several loadings to a particular 
stress, the concrete becomes almost elastic. In other 
words assuming that the specimen requires to undergo 
n loadings to render it elastic, then the anent set 
in the specimen after (n + 1)th loading will be the same 
as after the nth loading. 

It should be noted that even after the concrete has 
become elastic, the loading and unloading curves do not 
coincide, giving a smaller modulus of elasticity on the 
unloading than on the loading curve. The area of the 
** hysteresis loop,”’ Professor Lea maintains, depends on 
the range of stress to which the specimen is subjected. 

It would appear from the stress-strain curves, Figs. 
1 and 2, reproduced herewith by courtesy of Professor 
Lea, that the number of loadings which a given concrete 
would require to undergo, before it became elastic, is at 
once a measure of the concrete’s elasticity. Hitherto 
we have been apt to be too easily satisfied with com-: 

ression and tension tests on concrete, but for a closer 

owledge of the material, tests which would determine 

the elasticity of the material in addition to crushing tests 
should be resorted to. 

In reinforced concrete calculations, the modular ratio 
m frequently occurs, It is only natural to assume 
that Ciment Fondu concrete will have a higher modulus 
of elasticity than Portland cement concrete, and before 
we can talk of adopting Ciment Fondu, we must find out 
what value to assign to the modulus of elasticity of 
concrete made with Ciment Fondu. This has no doubt 
already been done by our French coll es, but. at the 
same time it would appear to be highly desirable to plot 
stress-strain curves for a number of loadings and un- 
loadings with a view of forming an idea of the degreé of 
elasticity of the material. 

Yours, &c., 
ALFRED 8. GRUNSPAN, 
A.C.G.1., B.Sc., A,M.Inst.C.E, 

Abbey House, Victoria-street, 8.W. 1. 








THE USE OF THE CLOSED STOKEHOLD 
SYSTEM ON TORPEDO BOATS. 


To tHE EpiTor oF ENGINEERING. 

Srr,—In the eee review that’ you have so 
kindly written on the book by Miss Eleanor Barnes (now 
Lady Yarrow) you have perhaps misunderstood the part 
referring to the torpedo boats built by my firm for 
Russia. I think you appear to have given me credit 
for the introduction of forced draught combined with a 
closed stokehold, and I feel I must at the earliest moment 
= out that the credit for this combination does not 

ong to me, and in the book this is not in any way 
intended. 

The records of the Patent Office show that this system 
was suggested by more than one unknown genius, and 
so far as my memory serves me, its successful application 
was first made by Sir John I, Thornycroft, 

Yours faithfully, 
A. F. Yarrow. 


Homestead, Hindhead, Surrey, June 11, 1923. 

[We are obliged to Sir Alfred Yarrow for directing 
attention to the point he mentions. The word “ intro- 
duction ” in the sentence of our review which he refers to, 
should evidently be “adoption.” It was certainly not 
intended to convey the idea that employment of the 
closed stokehold system of air supply on the Russian 
torpedo boats referred to was the frat instance of the 
adoption of that system, the first successful application 
of which was as Sir Alfred states, due to Sir John I. 
Thornycroft.—Eb. E.] 





“POWER PLANT PATHOLOGY.” 
To THE Eprror or ENGINEERING. 

Str,—We would like to correct the figure given for the 
efficiency of turbo alternators in the interesting leading 
article entitled ‘‘ Power Plant Pathology,” in your issue 
of June 8. 

The efficiencies of the larger alternators at 3,000 r.p.m. 
are certainly no lower than those of the earlier smaller 
sets at lower speeds. The actual total losses in a well- 
designed 12,000-kw. alternator at 3,000 r.p.m. at full 
load do not exceed 4 per cent. Originally, in the slow 
speed alternators, the losses were estimated by the 
“summation of losses” method giving a figure as much 
as 2 per cent. in excess of the actual efficiency. To-day, 
with the necessity for very close ntees of steam 
consumption, the generator efficiencies must be measured 
with a very fine degree of accuracy. 


Yours ane 
G. Waprorp. 
(For C. A. Parsons anp Co., Lruirep. 
Heaton Works, Newcastle-on-Tyne, June 12, 1923, 
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THE WATSON VERTICAL UNIFLOW 
STEAM ENGINE. 


Tue uniflow principle, patented by Mr. T. J. Todd 
in 1885, has been adopted by a considerable number of 
steam engine builders during recent years. As is 
generally known, engines constructed on this principle 
are characterised by the absence of exhaust valves, the 
steam escaping through a belt of ports round the 
centre of the cylinder, which are uncovered by the piston 
at the end of each stroke. 

One of the important advantages claimed for this 
type of engine is the reduction of cylinder condensation 
on account of the steam and exhaust ports being at 
opposite ends of the cylinder. The steam ports are 
thus never cooled by the passage of exhaust steam 
through them, and live steam is never brought into 
contact with the cold exhaust ports at all. It is true 
that during the exhaust period the whole of the 
cylinder walls and the face of the piston are in contact 
with the comparatively cold low-pressure steam in the 
cylinder, and consequently they must be somewhat 
chilled, but the time is short, and the harmful effect of 
the reverse flow of low-pressure steam over more 
highly-heated surfaces is avoided by the design. The 
steam ports, moreover, being only required for the 

of high-pressure steam, need not be pro- 
portioned to deal with the greater volume of the 
exhaust steam as must be the case in ordinary slide 
valve or piston valve engines. Hence the total 
clearance volume can be reduced to a minimum, with 
the reduction of the losses which may arise from this 
cause, 

As usually constructed the engine is horizontal, this 
form being favoured on account of the greater ease 
with which any water in the cylinder can be disposed 
of without injury. For many purposes, however, a 
vertical engine is specially desirable, not only on 
account of the saving of floor space, but also by reason 
of the lessened vibration and other mechanical advan- 
tages of the type, which become very prominent 
when high speeds of revolution are adopted. 

Messrs. Henry Watson and Sons, Limited, of High 
Bridge Works, Walker Gate, Newcastle-on-Tyne, have 
successfully invorporated the uniflow principle in the 
design of a vertical engine, and have secured a consider- 
able economy of steam by so doing. The engine in 
question has been developed for the driving of ships’ 
stokehold fans, but is, of course, equally suitable for 
work of other kinds. A pair of such engines direct- 
coupled to a large fan is illustrated in Fig. 1, annexed, 
and the mechanical details of the design are shown 
in Figs. 2 to 5 on page 743. Steam is admitted 
alternately to the top and bottom of the cylinder by 
piston valves driven by an eccentric in the usual 
way. The depth of the piston is nearly equal to the 
stroke of the engine, so that as it approaches each end 
of its stroke it uncovers the central ports through 
which the exhaust from the other end of the cylinder 
takes place. The drainage of the top portion of the 
cylinder needs no particular consideration, as any 
water present has a perfectly free escape through the 
exhaust ports, to which it flows by gravity. The 
water in the lower part of the cylinder has not the same 
means of escape, so that special provision has to he 
made to deal with it. By reference to Figs. 2 and 5 it 
will be seen that the piston rod is provided along part 
of its length with two longitudinal grooves, which, during 
part of the stroke, afford communication between the 
cylinder and the annular chamber above the stuffing 
box. This permits any water in the lower part of the 
cylinder to escape by gravity into the chamber and so 
to a steam trap. Immediately below the piston the 
piston rod is provided with a series of shallow circular 
grooves. This part of the rod is in the neck-bush, 
when high-pressure steam is admitted below the piston 
and serves to prevent steam leakage from the cylinder 
to the draining chamber during the early part of the 
stroke, when such leakage would be serious. 

In all engines of the uniflow type there is danger of 
the compression pressure reaching an unduly high, or 
even dangerous value, should the vacuum in the con- 
denser fail. In such a case the compression may start 
at an absolute pressure of about 14 lb. per square inch 
instead of at.a pressure of 1 lb. or 2 lb. only, so that 
with the same ratio of compression the final pressure 
becomes excessive. To provide against danger from 
this cause the engine illustrated is fitted with auxiliary 
hand-controlled valves, shown in Figs. 3 and 4. These 
valves communicate with the exhaust belt, and when 
opened they allow of a lengthened exhaust period, and 
a later commencement of compression, thus reducing 
the final pressure. 

In the Uniflow engine, the steam valve has nothing 
to do but control the admission of steam, hence as 
early a cut-off as desired may be secured without 
considering the control of the exhaust, as in the case 
of an ordinary engine. It is also worthy of note that 
with a piston or slide valve, as fitted to an ordinary 
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Fig. 1. 


cylinder, any wear of the valve: permits high-pressure 
steam’ to pass direct to the exhaust, whereas in the 
Uniflow type of engine any small amount of steam 
passing the valye by leakage during the working stroke, 
would do a certain amount of useful work before 
reaching the exhaust. 

The engine illustrated has been developed by Messrs. 
Henry Watson and Sons, Limited, to supersede the 
notoriously inefficient steam engines which are fre- 
quently used to drive auxiliary machinery on board 
ship. It is equally simple and robust in design, but 
by developing its power in a larger cylinder, with a 
cut-off at 18 per cent. of the stroke, the steam con- 
sumption is very considerably less than that of the 
typical auxiliary engine, with a slide valve cutting off 
at about 65 per cent. of the stroke. The difference 
is indeed so marked that the firm are suppiying their 
vertical uniflow engines in considerable numbers for 
driving fans, and other duties on shipboard. Their 
original slide-valve engines were so liberally designed 
that all parts were of ample dimensions to stand the 
higher total piston pressures which the larger cylinder 
of the uniflow engine involved. Hence little else was 
needed than the change of cylinders and pistons to 
convert their standard slide-valve engine into one 
working on the uniflow principle, and several customers 
have ordered the change to be made in engines which 
were under construction to their order. The uniflow 
engine is somewhat higher than the old type, but 
otherwise the overall dimensions are identical. It is 
likely that the early cut-off, and consequently greater 
economy which the uniflow principle permits, will 
bring about the replacement of many simple slide- 
valve engines by those of the uniflow type, especially 
where steam consumption is a primary consideration. 








NOTES ON NEW BOOKS. 

‘* Pattern Making,’ by Edward M. McCracken and 
Charles H. Sampson, B.S. (Scott, Greenwood and Son, 
London, E.C. 4; price 10s. 6d. net), has been written 
“* to fill the need for a text the use of which will give to 
students such a knowledge of the principles of pattern- 














making as to enable them to make a pattern of any 
usual type,”’ and “‘ criticism that will tend to improve 
future editions is desired.”” We regret that the volume 
invites much criticism directed from several aspects. 
In the first place the opening pages are disfigured with 
illustrations from catalogue blocks which are not 
relevant to the subject matter, as flasks, moulding 
machines, ladles, tumbling barrels, sand blast.and sand 
sifting. And surely it is not necessary to illustrate a 
selection of the common tools.used by pattern makers, 
also from catalogues. It is a pity that more care has not 
been exercised in making statements which cannot have 
been inspired by a man who had an intimate acquaint- 
ance with the pattern shop and foundry. ‘‘ Skin dry 
moulds,’’ page 22, are not as stated, of the same com- 
position as dry sand moulds. And chills. are not 
“* coated with shellac.’’ Many definitions are so utterly 
bald that they fail to convey any facts of real utility. 
On page 41 a parallel print is shown in the bottom of 
the mould instead of. one tapered, and the same error 
is to be noted in other illustrations. On page 5 and 
elsewhere a covering core is shown instead of a sand 
joint—a very exceptional device—instead of the regular 
method. On page 44 cope sand is shown with keen 
edges where it joints with the bottom mould—certain 
to fracture, instead of with an inch or two of flat 
surface from which the sloping joint should start. 
The ‘‘ Plates”? are drawings of very simple objects 
made to full or half size. They would have been equally 
clear if of only one-fourth of their present dimensions. 
In the case of several examples at the end of the volume, 
no hints are given relative to pattern construction. 
Some constructions that are given are poor. The 
letterpress is extremely brief, and the margins occupy 
more space than does the letterpress. 





In ‘‘ Workshop Routine,” by W. J. Hiscox (London : 
Chapman and Hall, Limited, 11, Henrietta-street, 
W.C. 2; price 9s. 6d. net), published as one of the 
“‘D.U. (directly useful) Technical Series,” we have 
a book on a somewhat unusual subject. While system, 





to some extent is dealt with, the main topic of the book 
itself is the need for the issue of standing instructions 
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in permanent form. On first thoughts, many people 
concerned in the management of works-may be disposed 
to say the need is not sufficient to call for attention in 
this manner, that instructions are always given and 
that everybody interested knows what is expected to 
be done, and does it. If a little thought be given, 
however, it will become apparent that there are many 
works where general knowledge as to. routine is .most 
uncertain and where widely varying ideas exist as to 
what is the actual routine. In some instances, instruc- 
tions are purely verbal and there are really large works 
where the only general or semi-general notices issued 
are the holiday notices., In many works, however, 
suitable attention is given to this matter, but where 
there has been neglect and the need for help on this 
somewhat simple matter is felt, ‘“‘ Workshop Routine” 
will probably be found of use. Numerous examples 
are given as to how to issue and record instructions 
of this kind, but although we are entirely in agreement 
with the author as to the necessity for care in this 


direction we.do not.think the examples are of the best,. 


either in their diction or the practices inferred. The 
wording used indicates description and desire rather 
than instruction. The matter may be unimportant, 
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but badly worded instructions reflect on the education of 
the management and, good or bad, help to set astandard 
of English; the future tense should be used and 
““must ’’ rather than ‘“‘ will’’ is the sensé to be con- 
veyed. The use of names is recommended in places. 
Seeing the personnel in any factory is subject to change, 
the use of names is not desirable if only to avoid the 
need for bringing notices up to date when changes take 
place. Instead of ‘Mr. Blank ’’ who is ‘‘ responsible,” 
&c., and who may resign or die, it would be better to 
refer to the “‘foreman millwright’’ or to the “‘ works 
engineer,”’ &c. In order that the workman may obtain 
his next job the procedure laid down is as follows : ‘‘ The 
job order, to which the foreman’s requisition is attached, 
will then be handed to the storeman, who will get the 
material ready. and clock-stamp the requisition when 
this is done.’’ ‘It is good to know what the routine laid 
down is, but it would appear to be better management 
to have the jobs ready, the material at the machine, so 
that the chances of delay would be reduced to a mini- 
mum. In other instances, the practices inferred do not 
appear to be good, while some of the examples read as 
though the instructions were issued to, rather than by, 





the works manager. Apart from these details, the 





general argument in the book is sound and should prevail 
in all works. 





In our issue of April 13 last we noticed Professor 
Esselborn’s ‘“‘ Lehrbuch des Tiefbaues.’’ We have 
meanwhile received another of these serviceable 
compendia, edited by Professor Esselborn, his “‘ Lehr- 
buch des Hochbaues.”’ The first volume of this work 
on building construction now before us (Leipzig: 
Wilhelm Engelmann ; price 20.50 francs Swiss), in its 
third edition, deals in its five sections, which are 
compiled by different authors, with excavation and 
foundations, with structures in stone, in wood, and in 
iron, and with ferro-concrete work. In all cases 
attention is paid to materials and to the requisite 
machinery, and the 2,342 text figures, mostly diagrams, 
illustrating the 815 pages of subject-matter, enable the 
compilers to do this satisfactorily. The eompilers are 
Dr. Ing. L. Brennecke, of Frankfurt; Professgrs 
B. Kossmann, of Karlsruhe, H. Steinberger and 
G. Riith, of Darmstadt, and R. Weder, of Bautzen. 





Four-figure logarithms are sufficient for most engineer- 
ing computations, but ‘the proportionate accuracy 
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varies a good deal in different parts of the table. Near 
the commencement, moreover, proportional parts are 
somewhat irregular. Hence many people, particularly 
those who have no aptitude for mental arithmetic, 
prefer to use tables which do not require interpolation. 
Such tables are, however, bulky, and various plans 
have been devised to reduce interpolation errors and 
thus secure equal accuracy with a short table. A new 
table of this kind has just been issued by Messrs. Phillip 
and Tacey, Limited, of 69 to 79, High-street, Fulham. 
The table is entitled “‘ The ‘ Akribos’ Pocket Card of 
Four-Figure Logarithmic and Other Tables,” and it is 
published at 2d, net. The arrangement adapted is due 
to Mr. W. H. Barker, B.Sc., principal of the East Ham 
Technical College. Logarithms for which the regular 
proportional uire correction are indicated with 
a dot which denoted that certain of the proportional 
parts require either to be increased or decreased by 
unity before addition to these particular values. The 
other tables include some trigonometric functions and 
list of atomic weights. 





One useful effect of the troubles experienced in the 
colliery industry within recent years has been to make 
the public realise more fully that the well-being of the 
nation is largely dependent upon the production and 
price of coal. There thus exists a greater demand 
than was formerly the case for reliable information 
relating to the coal trade of the country, and this 
demand, we think, has been adequately met in a new 
publication recently issued by the Louis Cassier Com- 
pany, Limited, 34, Bedford-street W.C. 2, and entitled 
“The Colliery Year Book and Coal Trades Directory.” 
A considerable portion of the volume, which contains 
over 800 pages bound in cloth-covered boards, is 
occupied by a complete list of British colliery owners 
arranged in alphabetical order and giving the names of 
the directors, names and locations of mines, numbers of 
employees, annual output and particulars of the 
qualities of coal mined in each case. The Home Office 
regulations relating to coal mines are reprinted for 
convenient reference in another section, but what 
appears to us to be the most useful and interesting 
section of the book is that in which statistical tables 
and diagrams relating to coal resources, production 
and consumption, prices, exports, transport, labour 
matters, accidents, &c., are collected from all available 
sources. The information included in this section, 
we may remark, will be extremely useful to anyone 
wishing to compare the present position of the industry 
with that of pre-war times. The remainder of the 
volume is occupied with special articles on mining 
subjects by well-known writers, biographical notes, 
lists of coal trades associations and technical institu- 
tions, lists of gas works and electricity supply under- 
takings, and a directory of coal exporters mo shippers, 
coal contractors and factors, bunkering agents, colliery 
agents and coal merchants. Finally, there are indexes 
to the names of mines and of persons connected with 
the industry, as well as a directory of manufacturers of 
colliery plant and stores. Altogether the work, the 
price of which is one guinea net, constitutes a valuable 
reference book for all who are either directly or in- 
directly connected with the colliery industry, and the 
publishers must be congratulated upon its production. 





In our issue of December 9, 1921, page 779, we 
ag ~ oy an article on “ Engine Balancing,” written 
y Mr. P. Cormac, demonstrator in the College 
of Science, Ireland. By making use of mathematical 
imaginaries to reduce to exponential forms the trigono- 
metric functions naturally occurring, Mr. Cormac 
showed that great simplifications could be made in 
complicated problems concerning the balancing of 
rotating parts. This article has now been expanded 
into a systematic and comprehensive treatment of the 
whole question, which is published in book form by 
Messrs, Chapman and Hall as “A 7'reatise on Engine 
Balance using Exponentials.” The published price is 
21s. net. The balancing of practically every type of 
reciprocator is fully discussed in the text, and attention 
may also be drawn td an appendix in which a number of 
Fourier expansions are worked out in a highly ingenious 
way, 





Messrs. THorNyoRoFt’; Epucationat System.—The 
success of the technical classes held at the works of 
Messrs. John I. Thornycroft and Co., Limited, for 
training their engineering pupils, continues to be proved 
at the periodical examinations of the Institution of 
Mechanical Engineers. At the last one held in April, 
six students, trained at the Basingstoke, Works, were 
successful in passing the uate examination. In 
addition, three were su ul in passing the examina- 
tions for the associate membership. An important 
feature of the Thornycroft system is that the class 
training proceeds in conjunction with works experience, 
so that students receive a thorough all-round training in 
motor engineering as tised at Basingstoke Works, 
one of the best in the British motor industry. 


NOTES FROM SOUTH YORKSHIRE. 
' SHEFFIELD, Wednesday. 

Iron and Steel.—Reports of the rate of revival among 
the engineering and steel trades are of a conflicting 
character. From these it appears that whilst in some 
sections, notably those devoted to the production of 
basic steel and semi-manufactured goods, steady improve- 
ment has been maintained, other departments are 
searcely better placed, if at all, than they were three 
or four months ago. Widely different opinions obtain 
among the leading engineering masters as to the present 
position and the immediate outlook. Whilst according 
to one of these, Sheffield steel-makers and engineering 
concerns are in a position to compete successfully against 
Germany, another declares flatly that scarcely a steel- 
maker in the district is able to show a profit on current 
transactions. The easier tone which marked this 
week’s business is reflected in a decline of 10s. to 15s. in 
the price of soft basic billets, though official rates are 
nominally unchanged. There is a fair demand for both 
furnace and foundry iron, with supplies rather more 
liberal following release of an increased tonnage of coke 
for home consumption. Contracts are being renewed 
at former rates, though special prices are reported to be 
available for spot deliveries, In the heavy sections 
output shows a steady expansion owing to the progress 
of contracts placed for the two new battle cruisers. 
There is also a certain amount of work on hand on general 
shipbuilding account, though it is nothing like sufficient 
to keep the departments concerned reasonably employed. 
The tool and implement trades show bright patches here 
and there, but in the main the gross volume of business 
booked is considerably below manufacturing capacity, 
especially having regard to the arrangements made 
within recent years for increased output on mass pro- 
duction principles. Saws, files, shears and pincers are 
going away freely on Colonial account, mining steel 
and machinery is in request, and there is a certain amount 
of business to be had, at low rates, for electrical appliances 
and equipment. The call for engineers’ tools shows an 
upward curve. 


South Yorkshire Coal Trade.—Now that exports are 
absorbing a reduced tonnage of best steams the quantity 
available for home use is much larger, and consumers have 
no difficulty in obtaining prompt treatment. Collieries, 
on the other hand, are able to keep clear of stocks, 
contract. commitments being of a heavy character. 
Manufacturing fuel shows a distinctly easier tendency, 
though official rates are unchanged. Washed slacks are 
one of the most active features of the market. Cobbles 
and nuts are in smaller request, though on the whole 
prices are firm. Both furnace and foundry coke appears 
to have sustained .a setback following the reduction in 
shipments. House coal is distinctly easier. Quotations: 
Best branch handpicked, 32s. 6d. to 34s. 6d.; Barnsley 
best Silkstone, 28s. 6d. to 30s.; Derbyshire best brights, 
258. 6d. to 278. 6d.; Derbyshire best house, 23s. to 
24s, 6d.; Derbyshire best large nuts, 20s. 6d. to 228. 6d. ; 
Derbyshire best small nuts, 18s. to 21s. ; Yorkshire hards, 
22s, to 24s.; Derbyshire hards, 2ls. to 248.; rough 
slacks, 12s. to 14s.; nutty slacks, 10s. 6d. to 12s. Gd. : 
smalls, 78. to 9s. 








SHEFFIELD STEEL ON THE RAND.~—We are very glad 
to note from a short article in the South African Mining 
and Engineering Journal that the lectures on steel 
delivered by Mr. Harry Brearley, in the course of a recent 
visit to South Africa, have engaged the close attention 
of technical men from one end of the Reef to the other. 
Mr. Brearley’s object was to study on the’spot the exact 
requirements of the Rand in the matter of steel and to 
show the users how to make the most of whatever steel 
was bought. He had endeavoured to induce users of 
steel to take an interest in it for their own sake, to under- 
stand fundamental principles and to apply a few simple 
tests so as to form their own judgment as to the suit- 
ability, or otherwise, of any particular material. Mr. 
Brearley had been among the mine smiths and other steel 
workers, also in the railway shops, and his practical talks 
and demonstrations had been everywhere followed with 
the keenest interest. ‘‘ The visit of this expert,” adds 
our South African contemporary, ‘‘ has been in the 
nature of an innovation for Johannesburg, and its success 
has abundantly justified it.”’ 





PERsoNAL.—Messrs, Clarkson, Hood and Co., 45, Hope- 
street, Glasgow, representatives for Ateliers de Con- 
structions Electriques de Charleroi, and of whom 
Mr. John A. Hood is sole partner, have taken Mr. A. W. 
Kilpatrick as a partner in the business, The name of 
Clarkson, Hood and Co. will be retained, and the firm 
will continue to act as Scottish representatives for Messrs. 
Watshams, Limited, King-street, Covent Garden, Messrs. 
E, G. Lind and Co., and for Messrs. Townshends, Limited, 
Birmingham.—The Board of Sir W. G. Armstrong, 
Whitworth and Co., Limited, have appointed Lieutenant- 
Colonel C. I. Hitchins, D.S.O., M.I.Mech.E., general 
manager of the Elswick Works, Newcastle-on-Tyne.— 
Messrs. Thomas Robinson and Son, Limited, the well- 
known wood-working engineers, Rochdale, are moving 
their London offices to Abbey House, 2, Victoria-street, 
Westminster, 8S.W. 1.—The “‘ Pneulec”’ Machine Com- 
pany: Limited, have just completed their new works in 

afeking-road, Smethwick. In addition to continuing 
the manufacture of moulding machines, they are going 
into the production of general foundry plant, and the 
supplying of all consumable foundry commodities.— 
Mr. Sydney Evershed, who has recently retired from the 
position of managing director, has now accepted the 
office of chairman ‘ot Messrs. Evershed and Vignoles, 





Limited, and will in addition act as consultant to the 
company. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MiIpDLEsBROUGH, Wednesday. 
The Cleveland Iron Trade—Whilst there is slightly 
more inquiry for Cleveland pig-iron, actual sales are few 
and small, and the opinion prevails that still further 
fall in quotations is essential before buyers are likely 
to be tempted to operate to any appreciable extent. 
Producers protest that conditions will not admit of 
further cuts, and it seems likely to be a question in the 
near future whether it will be cheaper to cease manu- 
facturing than to run furnaces at a loss. No. 1 is 
127s. 6d.; No. 3 g.m.b., 1178. 6d. ; No. 4 foundry, 115s. ; 
and No. 4 forge, 112s. 6d.—all f.o.t. makers’ works or 
f.o.b. Tees. 
_ Hematite.—As was anticipated, last week’s reduction 


‘in hematite prices has attracted more Continental demand, 


and there is a little more doing on home account. Buyers 
endeavour to shade market rates, but most sellers adhere 
steadily to 117s. 6d. for Nos. 1, 2 and 3 East Coast brands, 
both for home purposes and for shipment overseas. 
No. 1 is at a premium of sixpence to a shilling. 


Foreign Ore.—Imported ore is slow of sale. Principal 
consumers have considerable stocks, and are understood 
to be well bought over the second part of the year, and 
thus are not in the market to negotiate just now. Best 
rubio is 24s, c.i.f. Tees. 

Ironstone Miners’ Wages.—After protracted negotia- 
tions between the Cleveland ironstone mine owners 
and the miners’ representatives, an agreement has been 
reached with reference to the base rates for the separate 

ades of datal labour in and about the mines. An 
important decision is the fixing of minimum base rates 
for workers under 21 years of age, with the understanding 
that the rates are only minimum, and that higher rates 
are to be paid in accordance with ability shown, and 
nature of the work performed. 


Blast-Furnace Coke.—The concession quotation for 
Durham blast-furnace coke to local regular customers is 
now in the neighbourhood of 42s. 6d. Consumers con- 
sider the figure still too high, and are buying for early 
requirements only. 


Manufactured Iron and Steel.—Producers of manu- 
factured iron and steel are well employed, but the amount 
of business passing falls vastly short of sufficient to take 
the place of contracts fast running out, and continued 
absence of substantial transactions is causing anxiety. 
For home trade common iron bars are quoted 121. ; iron 
rivets, 14/.; packing (parallel), 81. 10s.; packing 
(tapered), 111. 10s.; steel boiler plates, 141. ; steel ship, 
bridge and tank plates, 10/. 10s.; steel angles, 10. ; 
heavy steel rails, 107. 10s. ; fish plates, 14/. 10s.; black 
sheets, 137. 10s.; and galvanised corrugated sheets 
(24-in. gauge, in bundles), 187. 15s. 





Barton Power Sration.—In connection with our 
description of the coal-handling plant at Barton Power 
Station which appeared on page 720 of our issue of last 
week, we are requested to state that the wagon tippers 
were supplied by Messrs. Babcock and Wilcox to their 
own special design and were built at their Renfrew works. 





Coventry Pustic Liprarizs.—The report of the 
Committee of the Coventry Public Libraries shows that 
these have made great progress in every respect during 
the year under review, 1922-23. The commercial and 
technical library, in particular, has been increased by the 
addition of 184 volumes and 5,990 pamphlets; and 
the information file, consisting of cuttings from news- 
papers and periodicals, particularly technical journals, 
now contains approximately 6,500 items. During the 
year a trade catalogue section has been inaugurated. 





British Iron AND STEEL PrRopucTION.—Returns 
issued by the National Federation of Iron and Steel 
Manufacturers show that the production of pig-iron 
in May amounted to 714,200 tons, compared with 652,200 
tons in April and 407,900 tons in May, 1922. This is the 
highest output attained since September, 1920, when 

roduction amounted to 741,000 tons. The furnaces in 

last at the end of the month numbered 223, an increase 
of 7 during the month. The production includes 252,100 
tons of hematite, 217,900 tons of basic, 158,800 tons of 
foundry, and 44,100 tons of forge. The output of steel 
ingots and castings amounted to 821,000 tons, compared 
with 749,400 tons in April and 462,300 tons in May, 1922. 


Tue British ENGINEERS’ AssoctaTIon.—The eleventh 
annual general meeting of the British Engineers’ Asso- 
ciation (Incorporated) was held at the Hotel Victoria, 
London, on May 31, when Mr. E. W. Petter, chairman of 
Messrs. Petters, Limited, Yeovil, and Managing Director 
of Messrs. Vickers-Petters, Limited, was unanimously 
elected president of the association in succession to 
Mr. Nevile G. Gwynne, who had occupied that position 
for the past two years. The organisation of the Ship- 
building, Marine, Mechanical and General Engineering 
Section of the British Empire Exhibition, Wembley 
Park, London (1924), has been undertaken by the associa- 
tion, and it was reported that over 75 per cent. of the 
space to be devoted to these exhibits in the Palace of 

gineering had already been sold and allotted through 
the association, and the success of this section might be 
regarded as assured. The following new members were 
elected to the council: Engineer Vice-Admiral Sir George 
Goodwin (Messrs. Richardsons, Westgarth and Co., 
Limited); Lieutenant-Colonel W. C. Symon (Messrs. 
Vickers, Limited); Mr. David C. Lycett Green (Messrs. 
E. Green and Son, Limited, Wakefield); Mr. W ilfrid 
Lancaster (Messrs, Hughes and Lancaster, Limited). 
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NOTES FROM THE NORTH. 

Guiascow, Wednesday. 
Scottish Steel Trade.—There has again been no change 
in the Scottish steel trade, and the outlook is most 
discouraging. The work on hand is gradually decreasing, 
and very few orders are being booked to take the place 
of contracts completed, and as inquiries are also far from 
satisfactory the general tone of the trade is exceedingly 
low. The reduced price of fuel may help to increase 
business, a8 one or two buyers have work to place 
whenever prices are marked down a bit. This may come 
along any,day now as producers are anxious to keep their 
plant running continuously if at all possible. In no 
branch of the industry is there much doing and even 
the black sheet makers report things as quieter. The 
export trade overall is dull, and some of the Continental 

products are finding their way into foreign markets. 


Malleable Iron Trade.—Conditions in the malleable- 
iron trade of the West of Scotland have not improved 
over the week, and while there is a fair output of bar iron 
it is nothing like up to what can be turned out. Much 
plant is lying idle with little prospects of being put into 
operation in the near future, The steel re-rolling 
branches of the industry are moving very satisfactorily 
at the moment. Prices are steady and show little or no 
change with ‘‘ Crown ”’ bars called 127. per ton delivered 
Glasgow stations. 

Scottish Pig-Iron Trade.—The steady decline of prices 
has failed to stimulate the demand for Scottish pig-iron 
during the past week or two, and makers are far from 
busy. The export orders which were fairly numerous a 
few months ago meant a lot to this district, but these 
are now unfortunately very scarce. Home consumers are 
quiet themselves and have little business to place and 
the outlook is not very bright. Hematite is exceeding] 
slow of sale, while foundry sorts are in poor cemauil 
both on home and export account. Prices continue to 
tend downwards in the hope of bringing out buyers. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, June 9, totalled 5,316}? tons, of which 
5,085 tons went foreign and 231 tons coastwise. For 
the corresponding week last year the figures were 318 
tons 13 ewt. foreign and 78 tons coastwise, making a total 
of 396 tons 13 cwts. 








Minna ACCIDENTS IN THE UNITED StatTEs.—Although 
the final figures for 1922 are not yet available it is esti- 
mated that 1922 will show about 1,950 fatal accidents 
in coal mines in the United States. This would represent 
a reduction of only 23 as compared with 1921, in spite 
of the fact that the production of anthracite was practic- 
ally suspended between April and August, and that of 
bituminous coal greatly reduced. If tonnage be taken 
into account the death rate from gas and dust explosions 
in 1921 was 0-233 per million tons mined, compared with 
0-731 for the first eleven months of 1922, or three times 
as much in the latter period, while the deaths from falls of 
rock (787 men in 1922) showed a rate of 1-930 per 
1,000,000 tons mined. The latter class of accident can 
only be reduced by a sustained campaign of education 
of the miners, and the rigid enforcement of safety 
measures. A feature of the past year has been the 
reduction in accidents due to explosives, a decline from 
0-3 per 1,000,000 tons to 0-211 per 1,000,000 tons. 





Norwecian Hypro-ExLectric PowER StTatTions.— 
The Norwegian Government has promised to bring 
forward a measure for State support to a number of 
hydro-electric power stations in different parts of the 
country. A number of power stations have applied for 
State aid and the department concerned has now sifted 
the applications. It appears that 40 municipal hydro- 
electric power stations are in difficulties, the cost of the 
installations amounts to 192,000,000 kroner, and they 
leave a yearly deficit of 5,600,000 kroner. What shape 
the contemplated State aid will take has not yet been 
decided. The Secretary of State has reported that by 
January 1, 1923, there were altogether about 1,000,000,000 
kroner invested in Norwegian hydro-electric power 
stations and installations for the ordinary supply of 
electric energy alone. The Government is also pre- 
paring measures dealing with the completion of the large 
Nore power stations and the transmission of power to 
Hedmark and Opland. It is estimated that power from 
veeneeuttl and Mérkfos should be available by the end 
of 1924, 





Tue Late Mr. W. B. THomson.—The founder of the 
Caledon Shipyard, Mr. William Bruce Thomson, died 
at the age of 86 years, on Friday, June 8. His early 
training as an engineer was obtained in works at 
Dundee, where he was destined to show great enterprise in 
later years. Early in his career he went to Russia and 
Stayed there many years. On his return in 1866 he 
began work at Tay Foundry and eight years later he 
started shipbuilding, naming his yard Caledon in compli- 
ment to the Earl of Caledon, whose yacht was the 
first vessel he constructed. He extended his operations 
to the Clyde in 1881, and from then until 1886 he had a 
yard at Whiteinch. In 1896 his original business in 
Dundee and the Lilybank Engine Works were amalga- 
mated in the Caledon Shipbuilding and Engineering 
Company, Limited, of which he was a director until his 
death. This business grew under the management of 
Mr. Thomson and his associates, and a few years ago 
& new yard was opened at Stannergate. Mr. Thomson’s 
interest in local affairs was shown by his acceptance 
of the representation of the Dundee ratepayers on the 
Harbour Board, and for the work he did during the 
European War he received the C.B.E. 
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NOTICES OF MEETINGS. 


Tue Royat METEOROLOGICAL SocteTy.—Wednesday, 
June 20, at 5 p.m., at 49, Cromwell-road, South Kensing- 
ton. The following papers will be read: (1) “ Report 
on the Phenological Observations in the British Isles 
from December, 1921, to November, 1922,” by Mr. 
J. Edmund Clark, B.A., B.Sc., and Mr. Ivan D. Margary, 
M.A.; (2) ‘Meteorological Notes from the Mount 
Everest Expedition of 1922,” by Mr. T. G. Longstaff, 
M.D.; (3) Mr. Rowland Arnison will exhibit a new 
form of open-scale barograph which has recently been 
brought out by Messrs. Short and Mason, Limited. 

Tue Society or Grass TEcHNOLOGY.—Wednesday, 
June 20, at 2.30 p.m., in Room C. 7, Leeds Institute, 
Cookridge-street, Leeds, the following papers will be 
read and discussed: (a) ‘‘ Specifications in the Glass 
Industry,” by Professor W. E. §S. Turner, D.Sc. ; 
(6) “‘ Notes on the Design of Pot Arches,’ by Mr. Th. 
Teisen, B.Sc. ; (c) “‘ Notes on the Ashley Bottle Machine,” 
by Mr. S. English, M.Sc. ; (d) “‘ The Effect of Titanium on 
the Properties of Glass,” by Mr. A. R. Sheen and Pro- 
fessor W. E. S. Turner. 

THe InstituTIon or StructuraL ENGINEERS.— 
Thursday, June 21, at 7.30 p.m., at Denison House, 
296, Vauxhall Bridge-road, ew. 1, a paper will be 
read, entitled “The British Standard dpecification 
for Portland Cement’’ (again needs revision— other 
national standards compared), by Mr. D. B. Butler, 
Assoc.M.Inst.C.E., F.C.S. (Member of Council). 

Tae Sociéré pres IncEentkurs Civits DE FRANCE: 
BritisH Section.—Friday, June 29, at 8.30 p.m., at the 
Institution of Mechanical Engineers, Storey’s Gate, 
8.W. 1. A paper, with lantern illustrations, will be read 
by Monsieur M. Barrillon, Ingénieur-en-Chef des Ponts 
— on “The Port of Rouen and the Lower 

eine.” 


NOTES FROM THE SOUTH-WEST. 
CarpirF, Wednesday. 

The Coal Trade.—There has been an appreciable 
contraction in the demand for coal, and though collieries 
generally are fairly well sold on contract account they 
are experiencing difficulty in disposing of their surplus 
output even at reduced prices. In the circumstances 
it is not surprising that buyers are holding off and just 
covering their immediate needs. The volume of business 
passing is so negligible that it is difficult to test prices 
with any degree of accuracy because many liar 
salesmen refuse to give quotations, but indicate that 
they will be prepared to consider offers for definite orders. 
Those pre to quote indicate 37s. 6d. for best 
Admiralty arge and 35s. for best Monmouthshires, but 
business can be arranged at 2s. 6d. less. Smalls are 
relatively steadier than large coals, but even so, prices 
are lower. Best steam smalls are obtainable at 27s. 6d., 
with dry sorts from 18s. to 24s. Sized coals are scarce 
and steady round 36s., while anthracites are practically 
unobtainable with French and Stove nuts nominally 
worth 55s. to 60s., and breaker duff 13s. to 13s. 6d. Coke 
is also much weaker at 50s. for blast-furnace and foundry 
55s. to 65s. for export. Gas coke, however, is steady at 
348, 

May Coal Exports.—Exports of coal from South Wales 
in May last totalled 2,715,228 tons, or 260,000 tons more 
than in April. The daily rate of shipment per working 
day in May was in fact the highest for the year, amounting 
to 108,609 tons, compared with 106,610 tons in April 
and 103,800 tons in March. Had it not been for the inter- 
vention of the Whitsun holidays which reduced the 
number of working days to 25 the exports in May would 
have established a record in the history of the trade for 
a monthly period. In the five months ended Ma 
exports totalled 12,694,996 tons, compared wi 
9,850,034 tons in the corresponding period of last year, 
an increase of 2,845,000 tons or more than 22 per cent. 
The distribution of the May exports in this and last 


year is shown below :— 
May, 1922. May, 1923. 








CuigEF ENGINEER aT GIBRALTAR Dockyarp.—The 
Admiralty have appointed Engineer-Captain J. W. 
Milner, M.V.O., to be Chief Engineer at Gibraltar Dock- 





South Wales to : Tons. Tons. ard, @ position formerly occupied by Engineer-Captain 
France ... “us .. 664,632 1,031,965 . Barter, O.B.E., who died on May 25 last. 
Italy ins ans ede 345,059 393,042 
CuaTHAM DockyARD ENGINEERING STaFrF.—We under- 


South America ... oe 386,729 313,331 


194,201 153,325 stand that Engineer-Commander C. G. Ham joined the 


Spain 
Portugal 116,954 95,422 staff at Chatham Dockyard on the 12th inst., as First 
Greece 19,108 81,675 Assistant to the Engineer Rear-Admiral Manager of the 


Engineering Department of the Yard, in succession to 


279,702 194,462 
Engineer-Commander W. H. Mitchell. 


British coaling depots 30 
i 4 298,736 456,006 


Other countries 


Totals ase ..- 2,305,121 2,716,228 








BrremineHaM Extxectricity Suppty.—The new power 
station of the Birmingham Corporation at Nechells was 
formally opened on Tuesday last by the Prince of Wales, 
who, at the request of Mr. R. A. Chattock, M.I.E.E., the 
city electrical engineer, started up one of the 15,000-kw. 
turbo-alternators. We have so recently published a full 
description of this station and its equipment that we 
need not now revert to it. After the ceremony the large 
company who were present were given the opportunity 
of inspecting the plant. 


Iron and Steel.—Exports of*iron and steel goods from 
South Wales last week amounted to 20,850 tons, com- 
pared with, 20,230 tons in the previous week. Shipments 
of tinplates and terne plates amounted to 9,122 tons, 
against 8,834 tons, black plates and sheets to 2,340 tons, 
against 3,268 tons, galvanised sheets to 2,810 tons, 
against 1,612 tons, and other iron and steel goods to 
6,573 tons against 6,460 tons. 








Tue GENERAL Exectric Company AND Ex-SERVICE 
Men.—During the visit of the Prince of Wales to Birming- 
ham last week, he visited the works of the General 
Electric Company at Witton and inspected about a 
thousand of the ex-service employees drawn up on the 
works sports ground. The Prince was received by 
Mr. Hugo Hirst, the chairman of the company, and 
several of the directors. In a short speech to the guests 
of the company for the occasion, Mr. Hirst mentioned 
that the company had grown from very small beginnings 
to an undertaking now employing about 20,000 people, 
and this result had not been attained by amalgamation 
with other firms, but by a process of continuous develop- 
ment and expansion. He looked with as much confidence 
to the future as with satisfaction on the past. 


TRADE witH Ecypr.—The Department of Overseas 
Trade reports that Belgium holds the predominatin 
position in Egypt, in regard to the supply of iron or stee 
bars and billets, with Germany and France fairly close 
behind for billets, and Germany a distant second with 
respect to bars. United Kingdom supplies have been 
distinctly disappointing in these lines, but the healthy 
increase in United Kingdom deliveries of iron or steel 
rails and fittings is decidedly encouraging and should 
be maintained. United Kingdom supplies of iron and 
steel rivets, bolts, nuts and washers have also increased 
in quantity, although, as in practically all lines of goods, 
values have decreased considerably. In this category, 
also, German competition is the strongest. The very 
considerable increase in imports of iron or steel hoops 
and strips is probably due to a more or less steady demand 
for cotton. United Kingdom supplies of these com-|—The annual report states that the company’s former 
modities were over 6,000,000 kg. above those of Germany | activity was fully resumed in the course of the year, 
and Belgium. American and Italian competition in most | both as regards Russian terminal correspondence and the 
lines of iron or steel goods and engineering products, | transit correspondence, between Europe and Eastern 
with the exception of motor vehicles. show a considerable | Asia. The connection between Irkutsk and Peking via 
falling-off in so far as the actual deliveries of these goods | Blagovestschensk-Harbin by means of a wire which 
are concerned, but against this must be set the recently | the Russian and the Chinese Governments placed at the 
successful tender by an Italian firm for the supply of 20 | exclusive disposal of the company, was opened, and later 
locomotives to the Egyptian State Railways. rmany}the Kiatcha-Peking, after protracted negotiations 
has been enabled to dispose, at a very low price, of a | between the Chinese and the Mongolian Governments, was 
considerable quantity of her surplus stocks of second- = in order. The company, therefore, had two satis- 
hand war disposals material consisting for the most part | factory working lines between Irkutsk and Peking. In 
of light railway track, trolleys, locomotives and tip | November a new station was opened in Moscow which 
wagons. In the last category, however, it is gratifying works with the so yh Petrograd station and ensures 
to be able to state that owing to the very poor material |a prompt and reliable service between the capital and 
of a consignment from Germany, a tender for a con- | Western Europe and America; besides sharing in the 
siderable number of wagons has been accepted from a | traffic between Europe and Eastern Asia. The company, 
United Kingdom firm to replace an equal number of | practically, now has two different routes between Petro- 
faulty wagons, previously supplied by a German firm, and Irkutsk and three between Irkutsk and Eastern 
There was a decrease in United Kingdom supplies of iron The Irkutsk-Vladivostok connection could only 
or steel girders and joists and non-galvanised iron or steel | be established after the fall of the local government, and 
sheets and plates. The history of the year’s trade in the |in February, 1923, a wire was given to the company’s 
lines under review may be briefly summed up, in so far as | stations in Irkutsk and Vladivostok. The Russian 
the United Kingdom manufacturer is concerned, as an | Government is said to keep the lines in excellent con- 
uphill struggle against the almost overwhelming odds of | dition, and the company’s co-operation with the Russian 
unnatural advantages held by competitors of low- | Government, it is further reported, has been most satis- 
currency countries. On the whole, therefore, British | factory. The negotiations between China on the one 
manufacturers may congratulate themselves that they | side and the Great Northern Telegraph Company and the 
have at least retained their footing in a market which, | Eastern Extension Australasia and China Telegraph 
although preferring quantity to quality, yet admits the | Company regarding a renewal of the agreements, terminat- 
superiority of British iron and steel, by purchasing from | ing in 1930, have in the meantime been left in abeyance. 

The Great Northern Telegraph Company has declared a 





Tue Great NortHEeRN TeLecRarH Company, Russia. 








the United Kingdom whenever prices approach those of 
the low-currency countries. dividend and bonus of 22 per cent. for 1922. 
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THE TRAINING OF NAVAL ENGINEER 
OFFICERS. 


THE two last. decades have witnessed many 
modifications in the system of training naval 
engineer officers, and these in general have reflected 
the Admiralty policy of the day, a policy which 
perhaps during the war was not entirely untram- 
melled. The post-war policy in regard to this 
matter was described by the First Lord of the 
Admiralty in statements explanatory of the Navy 
Estimates for 1920-21 and 1921-22. It is based 
on the principle that there is a definite distinction 
between those who are to be trained in the science 
of naval war and strategical and tactical methods 
of fighting and those who deal with the design, 
upkeep and maintenance of engineering and mech- 
anical appliances which form part of the complex 
machinery and weapons of modern war, and in 
pursrance of this policy the latest system is now 
being developed. 

It was in 1877 that the Admiralty initiated a 
systematised scheme for the training of their 
engineer officers, and a ship, H.M.S. Marlborough, 
was placed in Portsmouth Dockyard to provide 
accommodation for the students who were to undergo 
the course of training then considered necessary 
for the engineer officers of the Fleet. Very shortly 
afterwards, it was realised that the accommodation 
in the Marlborough was. insufficient, and that an 
additional establishment of a more permanent 
nature was desirable. The Royal Naval Engineering 
College, Keyham, Devonport, . was consequently 
built and opened in 1880, the two establishments 
running side by side until 1888, when, owing to 
reduced requirements, the. Marlborough was abol- 
ished. Since that date, with the exception of a 
short period during the war, the college at Keyham 
has been the school of engineering for the Navy. 
The clear statement of Admiralty policy referred 
to above led directly to what. at first sight 
appears to. be a quite new departure, namely, 
the inclusion of the study of electrical engineering 
in the training. Consideration of the case, however, 
points to this as being an almost obvious step, and 
the young officers at Keyham are: being trained 
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| not ot oly 3 in ieohailea engineering in all its branches 
but also in electrical engineering 

In common with all other officers of the Military 
Branch, the prospective engineer officer enters 
H.M. Service as a naval cadet at the age of 13} 
and passes through a course of 3% years at the 
Royal Naval College, Dartmouth, followed by six 
months’ training in a sea-going ship, H.M.S. 
1} Thunderer. In these establishments all the cadets 
continue their general education which, with their 
ultimate profession in view, includes a large measure 
of the sciences. This forms a suitable foundation 
on which to build their engineering knowledge in 
the case of those who choose to elect to specialise 
in engineering. : 

At the conclusion of the course in the Thunderer, 
it is open to all naval cadets to volunteer for 
engineering, and a selection in accordance with the 
requirements of the Service is made at the Admiralty, 
the officers so selected being appointed to the 
Royal Naval Engineering College, Keyham, for 


g| engineering training. From this point they are 


definitely a part of the engineering branch as 
distinct from the executive branch, and their studies 
are:concerned chiefly with the design, upkeep and 
maintenance of mechanical appliances. In their 
courses at Dartmouth and in H.M.S. Thunderer 
a certain amount of practice in the use of work- 
shop appliances and the handling of machinery is 
included, but their real studies in engineering com- 
mence when they go to Keyham, which, as will be 
inferred, they enter at the age of 17 to 18. At this 
stage they are well acquainted with naval routine 
and methods, they have some knowledge of sea- 
going conditions, and have completed their educa- 


__| tion in its narrow sense. 


The course at Keyham lasts 3} years, followed 
by one-third of a year in H.M.S. Vernon, the head- 
quarters of the torpedo specialists of the Service, 
and it comprises manual] practice in the engineering 
and electrical workshops and in the drawing office, 
instruction in mechanical and electrical engineering 
in all its important branches and the study of allied 


technical subjects in class rooms and: laboratories, 


the practical working and testing of engines and 
electrical machinery, together with some instruction 
in the humanities and in the duties of a divisional 
officer. Instruction in general electrical engineering, 
both in theory and practice, is adequately covered 
throughout the Keyham course, and the object of 
the last one-third year in H.M.S. Vernon is to 
enable these officers to become conversant with 
the many electrical appliances which have been 
developed for the special needs of the Naval Service. 

The course of training comprises :—(a) Manual 
practice in the fitting shops, machine shops, pattern- 
makers’ and moulders’ shops, engine smiths’ and 
copper-smiths’ shops, and the electrical workshops ; 
care and handling of machinery on board a ship; (6) 
(c) mechanical drawing; (d) quantitative experi- 
ments and tests in the steam, hydraulic and oil 
engine test shop, material testing shop, and in the 
electrical, physical and chemical laboratories ; (e) 
studies in mathematics, mechanics, mechanism, 
hydrostatics, hydraulics, thermodynamics, chem- 
istry, metallurgy, physics and electricity ; also in 
history and English; (f) study of marine, mech- 
anical and electrical engineering in theory and 
practice; (g) divisional training on the parade 
ground and in the gymnasium and instruction in the 
traditions and history of the Naval Service. Those 
officers who have an aptitude for foreign languages 
will also be given an opportunity for study’ of ' 
French, German or Spanish. 

At the conclusion of the courses at Keyham and 
in H.M.S. Vergon the young officer is ready to. 
undertake the dtties of a junior engineer officer. He 
should understand the methods of construction and 
repair of mechanical and electrical machinery and 
its care in operation ; and he should be able to form 
a judgment as to whether machinery is operating ' 
efficiently or in what respect it is wanting. On 
leaving the Vernon the majority of the young officers, 
now having arrived at the rank of acting lieutenant, 
proceed to sea and take their places as junior 
engineer officers in the Fleet. A few, however, 
are selected for a further course of two years, which : 
is conducted at the Royal Naval College, Greenwich. 
The aim of this advanced course is to provide a 
more thorough instruction in the fundamental 
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principles leading to and culminating in the practice 
of design of machinery and for exercise in the 
application of these principles to specific design 
work. This course necessarily comprises advanced 
mathematics, so far as it is applicable to the applied 
sciences which govern the principles of design. 

At entry to Greenwich these future specialists 
will take either the marine engineering course or 
the electrical course, in each of which they will be 
equipped to deal with the higher problems of these 
respective branches of engineering, and during 
their Service career they will therefore be employed 
mainly on work of that description at the Admiralty, 
Dockyards, &c., during their intervals of shore 
service. They will in any case proceed to sea 
service on leaving Greenwich and later at intervals 
throughout their career, as an intimate knowledge 
of the sea service is considered of the utmost import- 
ance and value in connection with the carrying out 
of those duties for which they are specially trained. 

The Royal Naval Engineering College at Keyham 
has accommodation for about 150 officers under 
instruction, who range from the rank of midship- 
man to acting lieutenant. Generally, they serve 
two years and four months as midshipman and are 
then promoted to acting sub-lieutenant and pass 
from a dormitory into a cubicle of their own. The 
mess rooms, billiard rooms, &c., have been adapted 
to provide adequate accommodation and a new 
technical library is being organised. Facilities are 
provided for recreation. The workshops are situated 
in the dockyards, and the whole of the practical 
engineering instruction is carried out in shops 
where modern machinery of all descriptions is either 
being manufactured or refitted. 

The testing shop for steam and oil engines and 
the electrical testing shop, both situated close to 
the college, are particularly well equipped. Means 
are provided for carrying out trials on almost every 
important class of boiler and machinery encountered 
in the Naval Service and of obtaining definite figures 
of the performance. The laboratories are also well 
equipped, but it is the view of the authorities that 
the practical aspect is the point of view which is 
most vital to the success of the training and which 
should not be lost sight of throughout the course, 
so that the laboratories are regarded merely as a 
link between the necessary theoretical studies and 
their practical applications in the test shops and 
yard, and in consequence are not of the elaborate 
nature usual in engineering training establishments 
where the practical facilities are not available. 

In the conduct of business works engaged in the 
multiplied production of a limited number of 
articles it is not uncommon to find departments of 
design, inspection, production and distribution or 
use, almost entirely independent of one another, 
and this system is reproduced in some of the public 
services, but in the Naval Service, particularly in 
regard to that portion of the material which is the 
province of the naval engineer, it has been held 
that the design, inspection, production and use of 
each type of plant to be installed in ships is best 
referred eventually to one responsible authority 
and this principle has been the governing factor in 
arranging the details of the present scheme of 
training. It endeavours to fit an officer, according 
to his abilities, to undertake any or all duties from 
the initiation of design to maintenance at sea; 
with this ideal in view it is necessary that the 
foundation of his knowledge should rest on a sure 
basis, and the Admiralty view, which is borne out 
by experience, is that this foundation must be an 
intimate acquaintance with mechanical methods 
and practice. For this reason, while the time has 
gone by when it is considered either necessary or 
desirable that embryo engineer cers should 
spend five or six years learning the trade of a 
mechanic, engineering work in the shops and ships 
will still occupy more of their time and attention 
than any other section of the course. In this respect 
the new course of training does not depart funda- 
mentally from the principles of the earlier methods 
of training for naval engineers, which is recognised 
to have been extremely successful in its results. 
Strengthened as-it will be by additional scientific 
teaching by the best modern methods which will 
run hand in hand with the practical instruction and 
without losing the essential touch with the practical 
work in all its aspects, the new course offers every 
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prospect of turning out engineer officers who will 
be very thoroughly equipped for coping with the 
multitudinous problems of their profession arising 
in the design, manufacture, repair and maintenance 
of naval material. 





AERONAUTICAL RESEARCH IN THE 
UNITED STATES. 


Ir is the policy of the Council of the Royal Aero- 
nautical Society to arrange for the Wilbur Wright 
memorial lecture to be delivered by British and 
American lecturers in alternate years, and this year 
the council’s invitation to deliver the lecture was 
accepted by Mr. Joseph S. Ames, professor of 
physics at the John Hopkins University and chair- 
man of the Executive Committee of the United 
States National Advisory Committee for Aeronau- 
tics. The lecture was duly delivered to a regret- 
tably small audience on the 3lst ultimo, in the 
building of the Royal Society of Arts, and it dealt 
mainly with the present position of aeronautical 
research work in the United States, a subject with 
which the lecturer is obviously in the best possible 
position to deal adequately. 

The lecturer first referred to the equipment and 
work of the Langley Memorial Laboratory, which is 
situated near Old Point Comfort, Virginia, and has 
been developed since 1915 by the National Advisory. 
Committee which, he pointed out, is an independent 
Government agency reporting directly to the 
President. The equipment includes a_ special 
laboratory for power plant investigations, a large 
wind tunnel of the National Physical Laboratory 
type, a compressed-air wind tunnel which we shall 
refer to again later, a fleet of about 20 aeroplanes 
fully equipped for full-scale experimental work in 
the air, and excellent facilities for the design and 
construction of the necessary instruments. Its 
particular purpose is to give advice respecting 
questions raised by the Government services and it 
has recently been engaged in problems relating to the 
distribution of forces over the surfaces of aircraft. 

The first of these was to determine how the 
distribution of the load over the wing tip and aileron 
of an aeroplane is modified by changing the plan 
form of the wing, and this led to an extensive in- 
vestigation of model aerofoils by more or less 
standard methods in an ordinary wind tunnel. 
The results are not yet completely available, but 
one of the conclusions is to the effect that wing 
tips having a positive rake give a very erratic 
distribution of lift near the tip of the aileron and that 
this may be avoided by employing negative rake. 
Wings with negative rake, we may explain, have the 
leading edge longer than the trailing edge, and 
vice versa. 

Somewhat similar investigations have been carried 
out on a high-speed aeroplane of the Thomas Morse 
M.B. 3. type in flight. For this purpose numerous 
holes were made in the upper and lotver surfaces of 
both wings, the holes being connected to recording 
multiple manometers mounted in the fuselage. 
Sixty records could be made simultaneously in this 
way by photographic means. It was particularly 
desired to obtain information as to the distribution 
of lift-over those parts of the wing subjected to the 
action of the slip stream in steady flight, and over 
the whole of the wing during the course of violent 
manceuvres. The results obtained were plotted in 
the form of contour maps from which relief models 
were constructed, and the photographs of these which 
the lecturer projected on to the screen illustrated 
some very interesting features. It could be seen, 
for instance, that the distribution of the lift during 
steady flight is by no means uniform in the slip 
stream and far from symmetrical on each side of 
the longitudinal axis of the machine. At high 
air speeds and engine speeds a lift of 100 Ib. 
per square foot was observed on the leading edge of 
the upper wing, while on the leading edge of the 
lower right wing an area of downward pressure 
amounting to 60 lb. per square foot was found. 

In the course of a climb, when the engine speed 
would be high and the air speed low, a downward 
pressure of 70 lb. per square foot was observed, at 
the trailing edge of the lower left wing near the 
fuselage. The investigations also brought out the 
fact that in steady flight at the maximum speed of 


[JUNE 15, 1923. 
the machine, viz., 145 m.p.h., the average lift 
per unit area of the upper wing was twice that of the 
lower wing and the total lift of both wings was some 
400 Ib. greater than the weight of the aeroplane, 
the additional lift being required to balance the down. 
ward load on the fuselage and tail. These facts, 
however, can probably be accounted for by the 
rigging of this particular machine, and would not, 
we imagine, be generally applicable. In flattening 
out from a nose dive, on the other hand, the win 
were found to support only 80 per cent. of the total 
load on the machine, while in a vertically-banked 
turn at 150 m.p.h., where the acceleration rose to 
4-2 g., the wing loading amounted to 90 per cent. 
of the total, the remainder, in both cases, being 
carried by the fuselage and tail. 

Pressure measurements have also been made on 
the envelope and control surfaces of an airship in 
flight, a Navy C-type non-rigid airship, measuring 
200 ft. in length, with a maximum diameter of 40 ft. 
and a gas capacity of 200,000 cub. ft., having been 
placed at the disposal of the Committee for the 
purpose. As many as 400 specially-designed cap- 
sulés were fitted into the airship surfaces, and the 
arrangements permitted the pressures on 260 of these 
to be recorded simultaneously. These investi- 
gations are not yet completed, but one interesting 
and important feature has already been made 
apparent. From the results of pressure measure- 
ments on the vertical fins and rudder of the airship 
it appears that when the ship is flying on a straight 
course and the helm is suddenly put over, such a 
large force is produced on the vertical fins in a 
direction opposite to that on the rudder that the 
net force on the stern of the ship is much smaller 
than had previously been assumed. It would thus 
appear that the stresses produced in the hull by the 
sudden application of the rudder would not be 
serious. The lecturer also put forward the view that 
the reversal of the helm of an airship during the 
course of a steady turn would not give rise to 
bending moments in the hull greatly in excess of 
those already existing in that condition of flight. 

In addition to the pressure distribution experi- 
ments above referred to, extensive investigations 
have been carried out at Langley Field in connection 
with scale effect which has to be considered in 
utilising the results of model experiments in the 
design of aircraft. Model results are most reliable 


when the tests are made at high values of e, 


v being the velocity of the air, / the linear dimensions 
of the model and » representing the kinematic vis- 
cosity of the air; but to investigate the effect itself 
it is necessary to carry out tests over a wide range 


of Reynold’s numbers, as the quantity a is called. 


The facilities for this class of work at Langley Field 
are exceptional, and investigations have been carried 
out by four different methods. An ordinary wind 
channel with a 5-ft. throat, in which air velocities 
up to 100 m.p.h. can be obtained, is employed, but 
owing to the limitations imposed by the dimensions 
of the model only comparatively small values of the 
Reynold’s number can be reached in this way. 
Apparatus has, however, been developed to enable 
measurements to be made of the forces on a large 
model suspended from an aeroplane in steady flight, 
and by this method of testing, higher Reynold’s 
numbers can be obtained, although the values of the 
numbers are still well below the corresponding figure 
for a full-size machine in flight. 

To obtain still higher numbers a wind tunnel 
in which models can be tested in air at pressures 
up to 20 atmospheres has recently been constructed 
and put into operation at Langley Field. That 
high values of Reynold’s numbers are obtainable 
by this means with models of moderate dimensions 
will be evident from the fact that the coefficient » 
is the viscosity of the air divided by the density. 
The Reynold’s number is thus directly proportional 
to the air density and, ceteris paribus, to the 
pressure. The working portion of the Langley 
Field’s compressed air tunnel is 5 ft. in diameter, 
and wind velocities up to 60 m.p.h. can be obtained, 
so that, since the pressure can be raised to 20 
atmospheres, the tunnel is equivalent to one 100 ft- 
in diameter working at the same speed at atmo- 
spheric pressure. 





The construction of the tunnel, which the lecturer 
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briefly described, is particularly interesting. It 
comprises a cylindrical chamber with hemispherical 
ends constructed entirely of boiler plates. The 
overall length of the cylinder is 35 ft. and the 
diameter 15 ft., while the weight is 83 tons. Two 
motor-driven compressors are provided and these 
suffice to raise the pressure in the cylinder to 20 
atmospheres in about 14 hours. A _ two-bladed 
propeller, 7 ft. in diameter, inside the cylinder, draws 
the air through a central tube in which the model 
is suspended, the air returning through an annular 
passage extending round the periphery of the 
cylinder. The motor driving the propeller is of 
250 h.p., and is situated outside the cylinder, the 
driving shaft passing through a stuffing box at one 
end. Between the annular passage and the central 
tube is formed an enclosure in which the balance 
is situated, the balance thus being protected from 
the wind. This balance, to which the model is 
attached by means of wires, is provided with arms 
for measuring lift, drag and pitching moments. 
Small glass windows in the wall of the cylinder 
enable readings to be taken, and arrangements are 
also made so that balance weights can be added 
to, removed from or moved along the arms as 
desired from outside. 

The tunnel has only been in operation for about 
two months, so that but little work has yet been 
carried out in it. Some measurements of the 
scale effect on spheres, however, have been made, 
and the lecturer was able to show a diagram giving 
the results of resistance measurements on a model 
aeroplane at Reynold’s numbers up to about 
20 x 1075. The Reynold’s number for the full-size 
machine, in this particular case, would be about 
32 x 1075, and the number obtainable in the wind 
channel working at atmospheric pressure would be 
about 2 x 1075. The compressed air tunnel, the 
lecturer mentioned, was by no means free from 
turbulence, though it was hoped that this would 
be eliminated or reduced. 

Reference was also made in the lecture to the 
measurements of the forces on an aeroplane in 
flight which constituted the fourth. method of 
investigating scale effect. The measurements were 
made by means of accelerometers and other 
recording instruments carried on the machine, and 
some of the instruments used for the purpose were 
described. Lack of space prevents us from dealing 
with this work although it is of extreme importance. 
We have, however, said sufficient to indicate that 
aeronautical research is regarded seriously in the 
United States, and in conclusion, we may refer to the 
remarks of Sir R. T. Glazebrook, who, in proposing 
a vote of thanks to the lecturer, dealt briefly with 
the position of aeronautical research in this country 
and pointed out that neglect of it would certainly 
result in our losing the leading position in aero- 
nautics that we formerly held. The most urgent 
need at the moment, we believe, is for increased 
facilities for full-scale experimental work, a fact 
to which attention was drawn by Professor L. 
Bairstow at the last Air Conference, as reported on 
page 197 ante. We trust, now that further informa- 
tion is available as to the development of aero- 
nautical research work in the United States, the 
Air Ministry will see to it that similar work in this 
country does not suffer from lack of interest and 
support. 





ITALIAN INDUSTRY AND IMPORTS. 


Iraty, during the last twelve months, has 
experienced a great political upheaval through the 
accession to power of the Fascista Government. 
The conception of the Staté held by Signor Mussolini 
and his supporters was formulated by the Minister 
of the Treasury in these words: “The State must 
be re-confined within its natural boundaries, its 
structure must be simplified and only its proper 
and essential functions must be left to it.” By the 
tise to power of this faction, marked effects have 
been made upon the political outlook of the people, 
but so far the changes in the commercial world 
Which were expected, have not been strikingly 
manifest. The endeavour may be said to be a 
movement to reduce the restrictions on trade and 
to put the actual business of government on an 
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position. Reforms the necessity for which was 
evident to all, though they were not regarded by 
any of the various political parties as suitable for 
inclusion in their programmes, could be carried 
through by such a Government as that of Signor 
Mussolini, which concerned itself little with the 
orthodox political outlooks of the people. 

The British Department of Overseas Trade has 
just issued a report prepared by Messrs. J. H. 
Henderson and H. C. A. Carpenter, Commercial 
Secretaries at the British Embassy, Rome, on the 
Commercial, Industrial and Economic Situation in 
Italy. This was published as one of the regular 
series of trade reports of the Department, and 
provides information up to the end of 1922. The 
record of achievement during the year gives no cause 
for discouragement, for even though there is a serious 
adverse balance in the international trade account 
the movement is in the right direction. 

The Public Debt reached a total of 113,300,000,000 
lire at the end of September, 1922, an increase of 
4,359,000,000 lire in twelve months. The estimates 
of the deficiency in the Budget for 1921-22, which 
amounted to 5,012,000,000 lire, were found, accord- 
ing to the figures published at the end of November 
last, to be over twice that value. For the present 
year the estimate was made that the deficit would 
just exceed 4 milliards, and the Government are 
making great endeavours to reduce this large deficit 
in the National Budget. 

An analysis prepared by the Under-Secretary of 
State for the Treasury last November showed that 
the deficit was accounted for in equal parts by the 
loss on public services, by reconstruction work in 
devastated areas and by war pensions. Many 
measures to effect economies have been considered 
by the Government relating to the railway and 
postal deficits, the abandonment of unprofitable 
State enterprises, re-examination of the programme 
of public works, reform of the civil services, simplifi- 
cation of Government regulations and a closer 
supervision of the spending departments. Already 
they have decided in principle that the telephones 
should be restored to private enterprise, and the 
same policy may be extended to the railways, State 
shipping lines, some branches of the Post Office 
and other services. 

Some Italian industries are passing through a 
crisis, such as shipbuilding and the metal trades, 
and their future is by no means clear, while in others, 
such as that of textiles, there has been satisfactory 
progress and, behind its tariff walls, Italy is pro- 
ducing many articles which were previously 
imported. 

From the point of view of British trade there are 
grounds for considering the position an improving 
one. Britain supplies more coal to Italy than the 
whole of the other countries put together. During 
the British coal strike in 1921, America sent 
enormous quantities of coal to Italy, but when the 
later strike took place in the United States of 
America those supplies ceased and Britain regained 
a great part of her old market. Inquiries from 
Italy are now much stronger, though buyers continue 
to purchase for immediate requirements because of 
the fluctuations in the exchange. Labour difficulties 
and trade disorganisation have reduced the demands 
made for coal by the consumers and there is very 
little speculative buying. 

Steel is now changing hands in smal] quantities. 
The high-speed steels, which are imported, come 
mainly from Germany and Czecho-Slovakia, the 
latter offering at 50 per cent. below British prices. 
The market for British agricultural machinery has 
been greatly reduced through German and Austrian 
competition and home production. The Germans 
make a special light plough for the Italian market 
which is adapted to the soils and soil-depths in that 
country. There is still, however, a good demand 
for British threshing machinery and for portable 
engines for agricultural work. 

The principal business done by British manu- 
facturers of boilers at present is in supplying 
necessary replacements. The strong local com- 
petition, helped by the high tariff rates, has cut down 
the market for new installations. A great struggle 
for supremacy is shown in the market for pumping 
plant. Germany and the home producers are well 
in advance, but American and British interests are 





efficient basis. The significant factor in the situation 
at the outset was the strength of Signor Mussolini’s 


active. British plant of the centrifugal type is in 


demand for irrigation work, but the business is 
done with established connections and there is 
little new activity. German, American and local 
competition has very seriously affected the British 
trade in machine tools. In the motor car trade, 
British interests cannot compete against the highly- 
protected product of the Italian works, but there is 
still a demand for car and cycle accessories of British 
origin. In spinning machinery Britain still has 80 
per cent. of the trade, but Switzerland is becoming 
an aggressive competitor in that field. In weaving 
machinery our competitors are Germany and 
Czecho-Slovakia, but the heavy looms for velvets, 
fustians and linens made in Britain are still in 
demand. 

The difficulties in the way of the development of 
British trade in Italy at present are the exchange 
and the protective tariff. It is not so much the high 
rate of exchange as its fluctuations that cause the 
trouble. In some instances traders have tried 
to get over the obstacles by selling at a fixed rate, 
generally between 70 lire and 80 lire, to the pound, 
and it is reported that the method has been pro- 
ductive of good results. The belief that under the 
present Italian Government the exchange rate is 
going to show a great improvement. is inducing 
potential: buyers to await developments or to insist 
on a lower rate of exchange in trading. There is a 
latent demand for those British goods which were 
known on the market before the war, which becomes 
apparent with every tendency for the exchange to 
go down. 

The grant of credit comparable with that given 
by other traders, the holding of stocks available 
for immediate delivery, an increase of personal 
representation and the more extensive provision of 
catalogues printed in Italian with quotations in 
that country’s currency and measures, are trading 
methods which are calculated to improve the British 
trade position. At present some importers are 
considering the question of manufacturing in Italy 
with British capital, articles in which importation is 
difficult because of the exchange, tariff and other 
conditions. Sewing cotton is an example in which 
the method has been tried with success, and though 
it is always open to the objection that. it does not 
give employment to British labour it is preferable 
to the total loss of the market. The Ford. Motor 
Company has opened works at Trieste and is using 
them to assemble cars from parts shipped from 
America, beginning at the rate of 10 cars a day. 

Progress has been made in the construction of the 
Bardonecchia, the Reno and Limentre, and Sagit- 
tario hydro-electric power stations. At the end of 
1922 hydro-electric plant of nearly 14 million horse- 
power was installed, and further extensions amount- 
ing to 600,000 h.p. were in the course of construction. 
The railway work which was being carried out at the 
end of June, 1922, amounted to 665 km. of track. 
By the same date some 700 km. of railways were 
electrified and work was progressing on many new 
sections. ¢ : 

The outlook of the Fascisti has extended to 
many of the trade unions. On the call of strikes by 
some of the leaders, large bodies of men have refused 
to leave their work if the aims were only political. 
** White ” unions, in contradistinction to the “‘ red ” 
unions, have come into existence and some of these 
have adopted the title Italian or National Union, 
to indicate that they consider the interests of the 
people as a whole, above all those of a mere section of 
the community. Large numbers of the railway, 
State and Municipal workers have offered to give 
an extra hour’s service each day without extra pay, 
and in some cases a whole day’s work without wages. 
In the cities many of the municipal employees have 
volunteered to surrender their free Saturday after- 
noons in the country’s service. 





SUMMER MEETING OF THE INSTITU- 
TION OF ELECTRICAL ENGINEERS. 


(Concluded from page 721.) 


Ovr account of this meeting in our last issue 
should have referred to the visit paid to »the 
Manchester Ship Canal at the invitation of the 
Ship Canal Company. The party was taken by 
steamer from the Pomona Docks to Barton where 





the new Corporation Electricity Station was 
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inspected and with which we dealt last week. The 
sail down the canal gave the party a good view of 
the docks and terminal facilities provided at Man- 
chester. In the course of the journey an excellent 
view was obtained of the new Trafford wharf, an 
illustrated description of which appeared in our 
issue of last week. The chief remaining feature 
of the second day of the meeting was the inspection 
of the Trafford Park Works of the Metropolitan- 
Vickers Electrical Company, Limited. It was evident 
that very considerable preparations had been made 
by the company in connection with this visit, and 
everything possible was done to make it easy for 
the visitors to see as much as possible of the large 
range of manufactures carried on in the works 
in the few hours that were available. Special 
assembly displays of interesting plant were made, 
such as, for instance, that of the electrical control 
gear for the electric locomotives, of which the 
Metropolitan Vickers Company are supplying a 
large number for South Africa. In spite of assist- 
ance rendered in this way it was no more possible 
for visitors to inspect the whole of the activities of 


current variable voltage generator with a 22-ton 
flywheel. An eddy current brake is also mounted 
on the flywheel and generator shaft. The governing 
of the turbine is so arranged that under ‘peak load 
conditions it drops in speed 15 per cent., thus 
allowing the flywheel to give up its stored energy. 
The eddy-current brake acts as a regenerative brake 
when an unbalanced load is being lowered’ into the 
pit and absorbs all energy which would otherwise 
force the turbine above its pre-determined speed. 
The system is capable of various modifications 
and may be arranged for systems which run partly 
in connection with a public supply. 

The other development of the Metropolitan- 
Vickers Electrical Company to which we would like 
to refer is the automatic sub-station work to which 
it is giving much attention. The automatic sub- 
station of the Liverpool Corporation Electricity 
Department was described very fully in a paper 
read last session before the Institution of Electrical 
Engineers and ‘has been dealt with in our columns. 
This station is equipped with Metropolitan-Vickers 





gear, and a further plant of somewhat larger capacity 


however, be ultimately moved to a site in the city, 
With some of the activities of the Research Depart- 
ment we will hope to deal at a later date. 

The visit to the Metropolitan-Vickers works was 
followed in the evening by a reception at the Whit- 
worth Hall- of the Victoria University, when the 
members and visitors were received by Sir H. A. 
Miers, the vice-chancellor. This function concluded 
the proceedings in Manchester, and the following 
morning a departure was made for Liverpool, where 
the third day of the meeting was spent. A number 
of visits were made in and around Liverpool in the 
course of the day and the Institution was enter- 
tained to lunch at the Adelphi Hotel by the Tram- 
ways and Electric Power and Lighting Committee 
of the Liverpool Corporation, while the Lord Mayor 
held a reception at the Town Hall in the evening. 
Among the important- works visited were those of 
the Automatic Telephone Manufacturing Company, 
Limited, and the British Insulated and Helsby 
Cables, Limited, at Prescot. These latter works 
were described and illustrated by us in our issue 





of the Ist inst. Visits were also paid to the Cunard 
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the company than it is for us to deal with them here. 
The very large range of manufacture carried out in 
the shops makes it difficult to choose any particular 
item for description, but we may refer to two recent 
developments of very considerable technical interest. 

The first of these represents a contribution to the 
colliery winding gear question, and is known as the 
Metropolitan- Vickers 8.P. System. The arrangement 
used has some of the features of the well-known 
Ilgner system, but at the same time. appears 
to represent an important advance in method. 
It will be remembered that with the ordinary 
application of Ilgner control to a colliery wind- 
ing gear a flywheel element is introduced in 
the power chain which gives up its stored energy of 
rotation at times of peak load on the winder, so that 
the demand on the supply main is evened out and 
a very fluctuating load is transformed into a fairly 
steady one. The S.P. system represents an applica- 
tion of the same idea to a self-contained turbine- 
driven station with no outside supply. In an 
actual installation now being built the winding 
drum is driven through double helical gears by two 
1,200-h.p. direct-current motors. These motors are 
capable of developing 6,000 h.p. as a maximum, 
and are supplied with power from a turbo-generator 
equipment which consists of a 1,100-kw. high- 
pressure turbine which drives a 875-kw. direct- 
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has been installed by the company in connection 
with the power supply to Trafford Park work. 
These works were originally driven from a shop 
power station, but the supply is now mainly, if not 
wholly, taken from the Stretford Corporation 
supply. The automatically-controlled machine in 
the works sub-station is a 1,000-kw. rotary con- 
verter which runs at a speed of 750 r.p.m. and 
delivers direct current to a three-wire system 
with 500 volts to 525 volts between the outers. 
The transformer is of the oil-immersed self-cooled 
type and is supplied with 50-period 6,600-volt 
three-phase current from the incoming mains. 
High-tension switch-gear, starting and relay panels, 
and direct-current machine panels are fitted in 
connection with the set. The equipment is arranged 
to automatically start-up the machine if the voltage 
on the station bus-bars falls below a set value, and to 
automatically close it down in case of certain 
eventualities. Another very. interesting feature of 
the Metropolitan-Vickers works was the Research 
Department which is mow undergoing very con- 
siderable . developments. and extension. The 
Research Department at present houses the Man- 
chester paalesiing Station with the development 
of which Mr. A. P. M. Fleming, the manager of the 
Research and Education Departments. has been 
closely associated. The Broadcasting Station will, 


‘North Wales Power Company, Limited. 
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liner Scythia and the automatic sub-station and 
Lister Drive power station of the Liverpool Corpora- 
tion, as well as Port Sunlight and the Applied Elec- 
tricity Laboratories of the University of Liverpool. 
The whole of the next day, Friday, the 8th inst., 
was devoted to a visit to the area which is being 
developed from an electrical point of view by Mak 
In- 
fortunately the weather proved very unfavourable, 
and a considerable part of the tour through what is 
among the finest scenery in the British Isles had to 
be abandoned. Naturally all the members and 
visitors taking part in the summer meeting did not 
cover the whole programme, but some 250 left 
Liverpool in the special train for Llandudno on the 
Friday morning. These were split up into three 
parties for the tour, one visiting the works of the 
Aluminium Corporation, Limited, at Dolgarrog, 
another the North Wales Power Company’s hydro- 
electric station at Cwm Dyli, and the other the Penryn 
slate quarries, This splitting up of the party was 
necessary in order that facilities should not be over- 
taxed in the smaller works and towns. These 
summer meetings of the Institution of Electrical 
Engineers are becoming very popular, and we 
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understand there were nearly 500 members and 
their-guests attending at Manchester. A number 
as large as this puts a severe strain on the accom- 
modation which many firms have at their disposal 
for the entertainment of visitors, particularly when 
no alternative visit is arranged and the programme 
is -an‘attractive one-as on Wednesday, the 6th inst., 
when the Barton Station and the Metropolitan- 
Vickers works were visited. 

The. North. Wales Power Company and the 
Aluminium Corporation, Limited, operate two hydro- 
electric stations, the Power Company.station being 
at Cwm Dyli at the foot of Snowdon, and some 
5 miles from Beddgelert and the Aluminium Cor- 
poration station at Dolgarrog, which is on the 
Conway River, about 7 miles from Conway. These 
stations -were originally independent enterprises, 
but the Aluminium Corporation obtained a con- 
trolling interest in the North Wales Power Company 
in 1918, and the two stations are now worked as parts 
of a single system and form the basis of the important 
hydro-electric development which forms part of the 
programme put forward in connection with the new 
North Wales and Chester Electricity District, the 
Draft Order for which is now awaiting confirmation. 
The original Act of the North Wales Electric Power 
Company, which was obtained in 1904, authorises 
the.company to supply energy in the counties of 
Carnarvon, Anglesey, Merioneth and Denbigh, .the 
borough and rural district of Wrexham being 
excluded. The new electricity district included the 
counties of Flint, Montgomery and parts of Cheshire, 
Shropshire and Cardigan, in addition to the original 
area, 

The Cwm Dyli station, which was started up in 
August, 1906, and has been in continuous operation 
since, formed the starting point of these important 
power developments in North Wales.. The station 
now contains 5,500-kw. of plant, generating three- 
phase current at 50 periods and distributing at 
10,000 volts and 20,000 volts. The Dolgarrog 
station which is situated close to the aluminium 
works was originally built. solely for the reduction 
of aluminium, and was equipped with four direct- 
current Pelton wheel sets, each of 1,600 h.p. In 
1907 two 600-kw. motor generators supplied. by an 
overhead transmission line from Cwm Dyli were 
added. These arrangements are still retained, 
except that two of the Pelton wheels have been 
arranged to drive 1,200-kw. three-phase alternators 
in order to help in coping with the growing load on 
the power companies’ lines. The direct-current 
machines will be replaced when further supply 
arrangements have been completed. The most 
immediately important of these new developments is 
the construction of a new 30,000-kw. station at 
Dolgarrog. ‘This work is already in hand. The 
station is in the first instance to be equipped with 
three 5,000-kw. sets. Proposals for the future cover 
the construction of a further station at Maentwrog. 

It will be clear that electrical developments of 
this order will demand very considerable water 
supplies, and a very interesting piece of work has 
recently been carried out which greatly increases 
the water power available at Dolgarrog and inci- 
dentally greatly improves the water supply to the 
Conway and Colwyn Bay Joint Water Supply 
Board area. This area is a very attractive one and 
is increasing in population rapidly, the increase 
being largely residential in character and. by no 
means confined to summer visitors. In 1915 a 
long drought caused great anxiety in the district, 
and early in 1916 a definite move was made to 
increase the water supply. The supply at. that 
time was obtained from Cowlyd Lake, which lies 
some 4 miles from Llanrwst in the heart of the 
Carnarvonshire range of mountains.. The top water 
level of the. lake was:1,170 ft. above Ordnance 
datum and the watershed was the property of the 
Water Board. One of the conditions under which 
the rights were held was that 1,552,500 gallons of 
compensation water should be delivered daily to 
the stream leaving the lake, the total run-off of the 
watershed being,4,092,000 gallons daily. An obvious 
way of increasing the supply available for distri- 
bution was by cutting down the compensation 
water, but the Aluminium Corporation, which owned 
extensive riparian rights in the Cowlyd Valley, 
naturally objected to this course. 

We need not enter into the details of the 
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negotiations which took place in conhection with 
the matter, but finally an arrangement was come to 
by which the level of the lake was raised by the 
building of a dam to a height of 1,206 ft. above 
Ordnance datum. The dam has been built by 
the Aluminium Corporation and has increased the 
total capacity of the lake up to 3,110,000,000 
gallons. Under the new arrangement all water 
above a level of 1,170°5 ft. above Ordnance datum 
may be drawn off by either the Water Board or the 
Aluminium Corporation, but the Water Board is 
entitled to the use of all water in the lake below 
this level. The outlets are built to conform with 
this arrangement. The Aluminium Corporation has 
the right to bring new water to supply the lake 
providing that the Water Board is satisfied that the 
watersheds tapped are free from human habitation 
and that the water is potable. This right is being 
exercised and waters from the Llugwy watershed 
are being brought to the lake. 

A map of Lake Cowlyd is given in Fig. 1, on 
page 750, while sections of the dam and pipe tunnel 
are given in Figs. 2 and 3. Views of the dam are 
given in Figs. 4 and 5, on page 751. The dam is of 
earthwork formation with a concrete core the latter 
being carried down to impervious strata. The 
inner face of the dam has a slope of 2} to 1 and is 
pitched with 15-in. stones. The outer face has a 
slope of 2 to 1 and is grass sown. The form of the 
sections of the dam and of the core wall are well 
shown in Fig. 2, while the curved form of the dam 
in plan is indicated in Fig. 1. The core wall is 
4 ft. 6 in. thick at the bottom, increasing to 6 ft. 6 in. 
thick at ground level. It then tapers to 5 ft. 6 in. 
at a height of 1,176 ft. above Ordnance datum, 
and above this tapers to 2 ft. 6 in. at the top, 
1,206 ft. above Ordnance datum. The wall is 
reinforced with }4-in. steel rods, 2 ft. apart vertically 
and 4 ft. apart horizontally from 6 ft. below ground 
level to 6 ft. from the top. The bars are placed 
at both sides of the wall, 4 in. from the face, and 
are connected by stirrup bars. A spillway, 160 ft. 
wide and 1,206 ft. above Ordnance datum is con- 
structed entirely of concrete on a solid rock founda- 
tion. A rectangular concrete tunnel with a semi- 
circular roof has been built through the dam to 
carry the outlet pipes of the Water Board and the 
Aluminium Corporation. The tunnel, a section 
through which is given in Fig. 3, has been con- 
structed on the line and at the level of the 24-in. 
Water Board main which existed before the dam 
was built. The main is indicated in Fig. 3, and the 
position which will be occupied by a further 24-in. 
Water Board main which may be laid some time in 
the future. The 4-ft. diameter Aluminium Corpora- 
tion main at a higher level is also shown in Fig. 3. 

Before the filling in of the earthwork of the dam 
was commenced the layer of peat approximating 
to 20,000 cub. yards was removed from the site. 
The filling material was obtained from the mountain 
side above the level of the top of the dam, while 
the stone for the concrete, which is a hard grey 
granite, was obtained about 200 ft. above the works. 
The sand used was granite dust crushed on the site. 
A plant consisting of Ingersoll drills, stone crushers 
and concrete mixers was assembled on the site and 
electrically driven by power obtained from the 
20,000-volt. transmission line which passes through 
the Cowlyd Valley from the Cwm Dyli station. 
The filling material was excavated with a 20-ton 
Ruston steam navvy and was conveyed to the site 
for tipping in 4 cub, yard wagons moved by loco- 
motives and steam haulage winches. At the dam 
site these wagons were lifted intact by a 15 tons 
Henderson derrick with an 80-ft. jib, and the material 
was tipped as required in position on the bank. 
The average rate of ‘illmg worked out at 3,200 
cub. yards a day and the total filling required 
amounted to 120,000 cub. yards. As Cowlyd Lake 
is difficult of access, the only road, which runs from 
Trefriw in the Conway Valley, being a very poor 
one, the constructional plant was taken by rail to 
Dolgarrog and hauled up a 2 ft. gauge railway 
alongside the pipe line. The trucks carrying the 
material were hauled up by steam winches, the lift 
being 825 ft, in 700 yards, 

A cast-iron water tower, 5 ft. internal diameter, 
which is well shown in Fig. 5, has been provided 
for the Water Board service. This tower is con- 
nected with outlets 1,169, 1,178-25, 1,187-50 and 
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1,196-75 above Ordnance datum. These outlets | with the top of the concrete tower from the top of 
are controlled by sluice valves and allow the top| which the Aluminium Corporation supply to the 
water to be drawn off for the supply to the Water | 4-ft. outlet pipe is controlled. The dam was built 
Board area. The tower is connected to the original| under the supervision of Sir Douglas Fox and 
24-in. main inside the tunnel, The water supply | Partners, the engineers to the Aluminium Corpora. 
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Fic. 7. Cwm Dytr Power Station: Exterior VIEW. 





Fie. 8. Cwm Dytr Power Station: Interior VIEw. 


will be controlled from the sluices until the level | tion; and Mr. Chas. F. Farrington, the engineer to 
of the lake approaches the 1,156 Ordnance datum | the Joint Water Board. The contractors were 
level, when the original 24-in. outlet valve will | Sir Robert McAlpine and Sons. 

be brought into operation. A valve-house has been| Electrical transmission throughout the whole area 
constructed at the top of the tower and is approached | of the North Wales Power Company is by means of 





by a lattice girder gangway which connects the dam | bare overhead conductors carried on wooden poles 
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or steel towers. The present system consists of 
some 110 miles of transmission line, important 
consumers being the slate and granite quarries of 
the district, the Marconi trans-Atlantic wireless 
station at Carnarvon, and the towns of Llandudno 
and Colwyn Bay. ‘Transmission is now mainly at 
10,000 volts and 20,000 volts, but it is proposed to 
change over to 35,000 volts in the near future, 
while a 110,000 ring main is contemplated when 
connection with the eastern part of the North Wales 
area is accomplished. A view of the 35,000-volt 
line running across the Conway Valley at Dolgarrog 
is given in Fig. 6, on page 751. The stations at 
Cwm Dyli and Dolgarrog’ are at present each of 
some 5,500-kw. capacity, but that at Cwm Dyli 
is at present of the greater importance from the 
power distribution point of view, as a large part 
of the output at Dolgarrog is taken by the aluminium 
works. With the installation of the proposed three 
5,000-kw. sets at Dolgarrog that station will, how- 
ever, considerably pass Cwm Dyli in capacity. 
Two views of the Cwm Dyli station are given in 
Figs. 7 and 8, on page 752. As will be obvious they 
are respectively an outside and an inside view. 
The inside view shows a 1,500-kw. Bruce Peebles- 
Boving set in the foreground. 

In connection with the visit of the Institution of 
Electrical Engineers to Dolgarrog a lunch was given 
by the Aluminium Corporation and was presided 
over by Mr. Henry J. Jack, the managing director 
of the company, who has been very intimately 
concerned with these important electrical develop- 
ments in North Wales which appear to be entering 
on a sphere of prosperity and rapid extension. As 
we have already indicated, the weather proved 
very unfavourable, and after leaving Dolgarrog 
no attempt was made to carry out the extended 
tour which had been arranged, but the inspection 
of the aluminium reducing plant and the very 
extensive aluminium rolling plant was not interfered 
with. The party later in the day assembled at 
Llandudno, where the summer visit was brought to 
a very successful close by a reception and dance 
given by the London Midland and Scottish Rail- 
way Company at the Grand Hotel. The company 
was represented by one of its directors, Sir Edwin 
Stockton, who was accompanied by Lady Stockton. 





RAILWAY ELECTRIFICATION IN THE 
UNITED STATES. 


THOUGH great progress has been made in Europe 
since the war in the matter of railway electrification, 
nothing startling has been achieved in the United 
States since the conversion of the mountain single 
track section of the Chicago, Milwaukee and St. Paul 
Railroad—of which 650 miles are now operated 
electrically. This month, however, America reminds 
us that she intends to live up to her reputation in 
doing big things, for the Virginian Railway has 
placed a contract amounting to 15,000,000 dols. for 
the electrification of the great mineral line crossing 
the Alleghany. Mountains. The route length is 
134 miles from Roanoke in Virginia to Mullens in 
West Virginia. There are 213 miles of track and 
the contract, which has been awarded to the 
Westinghouse Electric and Manufacturing Company, 
is the largest ever awarded for railway electrification. 

It has been decided to adopt the single-phase 
system, which is also in use on the neighbouring 
Norfolk and Western Railroad, recently extended, 
up to now the heaviest worked electric railway. In 
passing, it may be well to recall that this system 
was adopted in 1907 on the London, Brighton and 
South Coast Railway, on Sir Philip Dawson’s 
recommendation, made in view of the company’s 
intention eventually to electrify their main line to 
Brighton, Eastbourne and Worthing. The com- 
plete success of this installation has been recently 
recorded in the papers by Mr. Richards before the 
{nstitution of Civil Engineers, and Sir Philip Dawson 
hefore the Institute of Transport. 

As on the Norfolk and Western line, the new 
locomotives will be supplied with one-phase current 
at 11,000 volts and 25-cycles. A phase-changer 
will convert this into three-phase current to enable 
induction motors to be used for driving. A 
generating station for 90,000 h.p. is to be erected 
on New River, and the power will be supplied to the 
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sub-stations at 88,000 volts. At present, three 
Mallet_ locomotives yielding together 7,000 h.p. 
are used to haul 5,500 ton coal trains at 7 m.p.h. 
over the 2 per cent. gradient. The new electric 
locomotives will develop 20,000 h.p. and haul 
9,000-ton trains over this grade at 14 m.p.h. Later, 
12,000-ton trains can be hauled if necessary. An 
important feature is regenerative braking, not only 
on account of economy, but because it reduces the 
risk of a “ bottle-neck ” on the 1+5 per cent. down 
gradient. It is hoped to commence electric working 
in about eighteen months, and it will be interesting 
to compare the performance of these new single- 
phase locomotives with that of the 3,500 h.p. 
direct-current locomotives working on the Chicago, 
Milwaukee and St. Paul Railroad, where the track 
supply is at 3,000 volts. 

With respect to the decision to adopt single-phase, 
it may be said that the railway company only made 
up its mind after the most thorough consideration of 
the report and tenders received from the manu- 
facturers, and in view of the very satisfactory results 
achieved by the operation of the same system on the 
Norfolk and Western line. The locomotives will be 
identical with the new locomotives now under 
construction for this line, and the same consulting 
engineers—Messrs. Gibbs and Hill, of New York— 
have been called in to advise on the design and 
installation of the equipment. It will be recalled 
that the Southern Railway recently called in 
Mr. Gibbs to advise them, and that he recommended 
the adoption of the low-pressure direct-current 
system for the South-Eastern and Chatham section, 
at the same time approving the single-phase system 
for the Brighton section, and strongly recommending 
its extension, not only for the main line to Brighton, 
but also for the completion of the electrification of 
its suburban system. Engineers in this country 
will watch this new development with close interest, 
on account of the lively discussions on the question 
as to which should be adopted. As far as one can 
gather in the United States each line is considered 
separately and on its merits. In Europe, the 
demand seems to be for a national system. As an 
exporting country, England can be happy if develop- 
ments at home enables her manufacturing firms to 
obtain the necessary experience in connection with 
alternating current as well as direct current, so as to 
place her in a better position for obtaining foreign 
orders. Present indications seem to show that for 
long-distance main line electrifications handling 
heavy traffic, single-phase has many advantages. 





NOTES. 
THE GOTHENBURG JUBILEE EXHIBITION. 


Tue plan of celebrating the tercentenary of the 
foundation of Gothenburg by a large exhibition 
dates back some eight or ten years, and active work 
was commenced four years ago. In spite of the 
general depression, of which Sweden has had her 
share, the scheme was consummated in an almost 
sumptuous manner, while another point to be noted 
is the fact that the exhibition, which covers a very 
large area and comprises a multitude of buildings, 
was absolutely ready at the day of opening, a most 
unusual occurrence in regard to exhibitions. From 
an architectural and esthetic point of view the 
exhibition ranks exceedingly high, thanks to the 
imagination and bold originality of its promoters, 
and from an industrial standpoint it shows how far 
Sweden has advanced in many diverse fields. The 
large machinery hall, 200 m. long, breadth in one 
span 35 m., and height 24 m., is a very imposing 
structure. It is built exclusively of wood and is 
painted entirely white, without a vestige of colour, 
which somewhat novel scheme suits the various 
engineering exhibits exceedingly well. These include 
many interesting novelties, more especially, of 
course, in the branches in which Sweden is acknow- 
ledged to be inthe van. The novel and distinctive 
feature of this section as a whole is the principle 
strictly adhered to in displaying the exhibits. The 
idea has been to show what Sweden as a whole 
is doing in the various branches of the engineering 
industry, and in order to facilitate a survey the 
products have been grouped according to their 
nature, and the exhibitors have willingly foregone 





the scope for individual display and advertising 


which ordinary exhibitions provide. There is the 
suggestion of a huge museum about this arrange- 
ment; it is as though the different manufacturers 
had ceased to be competitors, and had sacrificed 
their separate ambitions to the cause of Sweden’s 
industry as a national entity. Some of the largest 
undertakings have very modest stands, on which 
one experiences some difficulty in finding the name 
of the exhibitor, but their display fulfils its mission 
in the scheme considered as a whole. There is some- 
thing very attractive in this unselfish and patriotic 
arrangement. There is very little of trade or 
shop” about it and it seems to raise the whole 
venture to a higher level, to one where other and 
more private considerations have been made sub- 
servient to loftier ideals. Great efforts have been 
made to surround the engineering section with that 
attraction which interesting and important novelties 
impart. The classes within which such a feature 
can be recorded cover more especially hydro-electric 
power plant. Much of the machinery is shown 
in motion. The exhibition, which, as we have 
stated, contains a number of most interesting 
sections, has entailed a very heavy expenditure ; 
the aggregate figure does not appear to be available, 
but it is stated to be in the vicinity of 1,000,000/., 
a very substantial sum for a city having only a 
quarter of a million inhabitants. There is every 
probability that the exhibition, from the very 
beginning, will achieve a most complete success. 


Tur INTERNATIONAL AIR CONGRESS. 


The forthcoming International Air Congress, 
which will commence its proceedings on Monday, the 
25th inst., in the building of the Institution of Civil 
Engineers, Great George-street, S.W. 1, and will 
continue throughout the whole of that week, is the 
first to be held in this country, and is the most 
important aeronautical event of the year. Previous 
air congresses have taken place in other parts of the 
world, the first being held in Paris in 1889, the next 
in Chicago in 1893, and the third in Paris in 1900, 
while since that time similar congresses have been 
held in Milan, Nancy and Paris in 1906, 1909 and 
1921, respectively. The object of the present 
congress is to bring together the leading representa- 
tives of all branches of aeronautical science from all 
parts of the world for the purpose of reviewing 
progress and stimulating further development. 
There appears to be every prospect of this object 
being fully achieved, since, in addition to a 
thoroughly representative delegation from the various 
British aeronautical interests, official delegates and 
individual members from practically every civilised 
country of the world have signified their intention of 
being present. The arrangements for the congress 
are now practically completed, the organisation 
having been carried out by a committee presided over 
by the Duke of Sutherland, Under-Secretary of 
State for Air, and including representatives of the 
Air Ministry and other Government Departments, 
as well as of the British aeronautical societies and 
manufacturing firms,». H.R.H. the Prince of Wales 
has consented to open the congress at 10 a.m. on 
the 25th inst., while H.R.H. the Duke of York 
will act as President and Lord Weir of Eastwood as 
Vice-President. The Duke of Sutherland will 
deliver the inaugural address. A large number 
of papers have been presented for reading and 
discussion, and these will be dealt with on 
Monday afternoon and on the mornings and after- 
noons of Wednesday, the 27th inst., and of Friday, 
the 29th inst. For this purpose, the Congress will 
be divided into four groups which will hold meetings 
simultaneously, the groups dealing with (a) aero- 
dynamics, construction and research work ; (b) power 
plants, fuels, lubrication and airscrews; (c) air 
transport and navigation; (d@) military aspects of 
aviation, and airship design and construction. 
On the intervening days, the members will visit places 
of aeronautical interest and, in addition to the main 
business of the Congress, a number of important 
social functions have been arranged. These include 
a reception by the president at the Hotel Victoria 
on Monday, the 25th inst., and a reception by the 
Lord Mayor at the Mansion House on Wednesday, 
the 27th inst. On Saturday morning, the 30th 
inst., the last session will be held, and an address 





will then be delivered by Sir Samuel Hoare, Secretary 
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of State for Air. The. members will be able to 
attend the Royal Air Force Pageant at Hendon 
in the afternoon ofthat day, and there will be a 
final banquet at the Hotel Victoria in the evening. 
The only qualifications for membership of the 
Congress are nationality of a country which is either 
a signatory of the International: Air Convention or 
is represented on the Fédération Aéronautique 
Internationale and the payment of a subscription of 
ll. or its equivalent. Applications for membership, 
we believe, can still be received by the Secretary, 
Lieutenant-Colonel W. Lockwood Marsh, 7, Albe- 
marle-street, London, W. 1. 


OcEAN CRUISING. 


In recent years increasing attention has been 
devoted by the large steamship companies to the 
growing desire for ocean cruising, and there is 
undoubtedly room for further developments. There 
is no better nerve-recuperating and health-restoring 
medium than life on board ship, because it is entirely 
free from worry and anxieties. The difficulty, how- 
ever, is that such exercise as is possible is of too 
mechanical an order, and the consequence is that 
the sedentary habits entailed are not conducive 
to. the restoration of physical fitness. The ship 
designer has, to some extent, tried to overcome this 
in the past, but he has been limited in the scope of 
his innovations by the fact that ships are only 
utilised for ocean cruising for a comparatively short 
period of each.year, and therefore have to be designed 
primarily for regular service on the routes traversed 
by the ships of a particular line. The Cunard 
Company, with that faculty of initiation which they 
have always exercised, to the benefit of the deck- 
planning of ships, have introduced several important 
changes in the Franconia, one of many ships of 
the same size and power ordered since the war. 
But even in this case full scope has not been given 
to the technical officers of the company and of the 
builders, Messrs. John Brown and Co, Limited, of 
Clydebank, as the ship must be utilised on the 
Liverpool and New York Service for a considerable 
part of the year, although this autumn she will start 
on a world’s cruise. The time must come when the 
designers will be called upon to produce a liner 
primarily and exclusively adapted for cruising, since 
the “seven seas” afford venues whose climate 
provides at the various seasons of the year suitable 
routes for cruises under salubrious weather condi- 
tions throughout the twelve months. We have 
already published drawings of the Franconia and the 
turbines, and described the technical features ; the 
reader will see from the plans that the arrangement 
of public rooms on the “ A,” or topmost passenger 
deck, is almost ideal; as in close contiguity are the 
reading room, card room, garden lounges on both 
port and starboard side, first-class lounge and 
smoking room. But the main feature is the utilisa- 
tion of one of the large spaces ordinarily given up 
to a cargo hold for the purpose of installing in the 
centre of the ship, a large swimming bath, on the 
starboard side a large well-equipped gymnasium, 
and on the port side a squash racket court of standard 
dimensions. All of these enable adequate exercise 
to be taken by the passengers. For the reason we 
have already stated this is a move in the right 
direction, as the provision of these three sports 
rendezvous, extending to 5,000 sq. ft., well conduce 
to the main purposes of ocean cruises. Moreover, 
there is abundant room on deck for a great variety 
of deck games, many of them very ingenious and 
some of them fairly strenuous. Opportunity was 
given for testing the ship for cruises last week-end 
bya large company of guests of the Cunard Company 
joining the ship at Liverpool and proceeding amongst 
the Western Islands of Scotland and returning to the 
Mersey on Monday. Unfortunately, the weather was 
unfavourable, being cold and rainy, while a stiff 
breeze blew from the Atlantic, but everybody on 
board was kept free from ennui by engaging in sports. 
One word more may be said regarding the Franconia. 
and that is that the decoration of the ship marks a 
pleasant change from that over-elaboration—even 
garishness—which has become too prevalent in 
passenger. liners. The smoking room is an exact 
reproduction of an old inn, even to the brick-built 
ingle nook with its log fire. We congratulate the 
builders and owners on their success. 
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The Mechanisms of Machine Tools.) ‘By Tuomas R. 
Suaw, M.I.Mech.E. London: Henry Frowde and 
Hodder and Stoughton. [Price 2/. 2s. net.] 
THE extensive subject of the elements of design 
of machine tools has been treated.in many volumes. 
A fault which is common to some of these is that too 
much prominence has been, given to the mathe- 
matics of elements, and to theoretical considerations. 
That of others has been to remain content with 
descriptions and catalogue illustrations of current 
forms and practice, which in the present age of 
swift developments rapidly become superseded. To 
write lucidly and usefully on this now extensive 
subject, an author must possess an intimate and 
prolonged acquaintance with the varied. practice of 
the machine shop. He alone. is, qualified to. grasp 
the essential principles that underlie the practice, 
and to explain not only what has been done,. and is 
being accomplished, but also to. point out the relative 
claims of the various types of machines, and to 





jcompare the systems of tooling adopted. An 


eminently useful book of this class, by an expert, is 
“The Mechanisms of Machine Tools.” In this 
substantial quarto volume the fascinating subject 
has been handled with much ability and in adequate 
detail. 

Avoiding the more usual method adopted, that of 
classification of machine tools. by their types— 
each one in a separate chapter, the author approaches 
the subject from the point of view of. the basic 
features common to all, which are repeated in various 
guises in the various types. The volume contains 
10 chapters.. The first and second give a résumé 
of the evolution, types. and. functions of machine 
tools. Leading forms are illustrated, their functions, 
efficiencies, power absorbed, -tools used, limit 
systems imposed, &c., stated and discussed. To 
condense this matter into 80 pages is a task, but the 
author holds the interest of the reader throughout. 
Chapter III is devoted to the materials of con- 
struction, a large proportion being occupied with the 
forms and proportions and shapes of the teeth of 
gears. Several pages are given to the heat treat- 
ment of steels, with charts, and with tables: of 
temperatures required for steels of varied com- 
positions, and Brinell’s hardness tests. In Chapter 
IV the designs of the frameworks of machine tools 
are illustrated with drawings of present-day designs— 
upright members, radial arms, columns, with some 
awkward designs that should be avoided. The 
fifth chapter gives sections of the numerous slides 
used for beds and tables, including all the important 
sections of lathe beds, and the applications of the 
much-discussed narrow guide. The guides of planer 
and of rotary tables are described, with drawings. 
The important subject of bearings for shafts and 
spindles (Chapter VI) is treated at great length. 
It is a good selection from all classes of bearings 
used on machine tools—materials, pressures, adjust- 
ments, lubrication, protection, with clear sectional 
drawings. Ball and roller bearings, with many 
examples of their applications, are included. The 
transmission of power occupies Chapter VII. It 
includes pulley designs, clutches, keys, gear-boxes, 
tumbler gears, multiple spindle drills. The method 
of calculating spindle speeds or feeds in geometrical 
progression is stated, and a table given. Methods 
of changing speeds are illustrated, with examples 
from standard machines of various types. The line 
drawings in this chapter number more than 70, 
several being full-page. This is followed by a 
chapter, VIII, on reverse motions, those of planers, 
with cushioning devices, and reversible motors, 
and the reversals of machine tappers, and those of 
shaping machines and slotters. 

Chapter IX treats of hand and automatic control, 
and chucking devices. Three groups of drawings 
illustrate all the common forms of handles and 
pilot wheels in use. The planetary grinding spindles 
are illustrated, foolproof devices, friction discs, sliding 
and slipping clutches, devices to prevent overload, 
feeding mechanisms, controls and stock feeding of 
automatics. The principal designs of chucks are 
shown, in sectional views, the collet forms pre- 
dominating. Chapter X, on trip, indexing and 
locking devices, concludes the work. It includes 
stops, trip dogs, the drop-worm, dial control, 





automatic trips, self-engaging automatic feeds, 
reverse motions,‘ combined automatic and hand 
feeds, indexing mechanisms, turret mechanisms, 
clamping and locking devices, and lock nuts. The 
book contains 351 quarto pages, with 433 illustra- 
tions—a large proportion of these being clear line 
drawings—and 50 tables. It is written in a lucid 
style, and is creditable alike to author and pub- 
blishers. We can recommend it with confidence to 
all who are interested in the design and operation 
of machine tools. 
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1921. By G. F. Lovenum and A. T. Coons. II: 28, 
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Gas. Gasoline. By E. G. Sievers. Washington: 
Government Printing Office. 

United States Coast and Geodetic Survey. Special Publi- 
cation No. 74. Utah-Washington Arc of Precise 
Triangulation. By C. V. Hopeson. [Price 15 cents.] 
No. 76. Triangulation in Massachusetts. By O. P. 
SuTHERLAND.. [Price 30 cents.] No. 77. Precise 
Levelling in Texas. By H. G. AvErs. [Price 15 cents,| 
No. 78. Precise Triangulation in Texas, Rio Grande 
Arce. By C. L. Garner. [Price 15 cents.] No. 79, 
Precise Traverse and Triangulation in Indi By 
C. A. Mounuess and J. 8. Busy. [Price 20 cents.] 
No. 80. An Investigation of the Latitude of Ukiah, 
California, and of the Motion of the Pole. By W. D. 
LaMBERT. [Price 15 cents.] No. 84. California- 
Oregon Arc of Precise Triangulation. By H. © 
MircHett and E. W. E1cketBere. [Price 10 cents.] 
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By C. A. Mouruzss and W. D. Surciirre. [Price 
15 cents.] No. 92. Study of Time Errors in Precise 
Longitude Determinations by the United States Coast 
and Geodetic Survey. By W. Bowtie. [Price 5 cents.] 
Washington: Government Printing Office. 

Metals and Metallic Compounds. Vol. I. Introduction, 
M , Hlectro-Chemistry. By Uticx R. 

London: Edward Arnold and Co. 





Evans, M.A. 
[Price 21s. net.] 

Metals and Metallic Compounds Vol. II. Metals of the 

-“ 4” Groups. By Utick R. Evans, M.A. London: 
Edward Arnold and Co. [Price 18s. net.] 

The Railway Year Book, 1923. London: The Railway 
Publishing Company, Limited. [Price 5s. net.] 

The Radio Expervmenter’s Handbook. Part II. Data 
and. Design. By Putte R. Coursey, B.Sc., F.Inst.P. 
London: The Wireless Press, Limited. [Price 3s. 6d. 
net. ] 

How to Build Amateur Valve Stations. By Pur R. 
Courszy, B.Sc., F.Inst.P. London: The Wireless 
Press, Limited. [Price ls. 6d. net.] 

Studien tiber die Kupfererzeugung der Welt. By Dr. Ing. 
Moritz Hocuscuixp. Freiberg i Sa: Crag and 
Gerlach (Joh Stettner). 

Tool Engineering. Fixtures for Turning, Boring and 
Grinding. By Atsert A. Dowp and Frank W. 
Curtis. First edition. London: McGraw-Hil 
Publishing Company, Limited. [Price 17s. 6d. net.] 

Entwurf und Linrichlung von Handelsschiffen. By 
Dipl. Ing. Professor D. Heinrich Herner. Third 
edition. Leipzig: Dr. Max Jinecke. 

Plane and Geodetic Surveying for Engineers. Vol. I. 
Plane Surveying. By Davin Crark, B.Sce., M.Inst.C.E. 


London: Constable and Co., Limited. [Price 26s. 
net.] 
Plane and Geodetic Surveying for Engineers. Vol. II. 


Higher Surveying. By Davip Cuark, B.Sc., M.Inst.C.E. 
London: Constable and Co., Limited. [Price 25s. 
net. 

Workshop Organisation. By G. D. H. Core. Oxford: 
The Clarendon Press. [Price 7s. 6d. net.] 

Aeronautical Research Committee. Reports and Memo- 
randa No. 808. Pressure Plotting on Fin and Rudder 
of a Model of R.32. By D. H. Witxiams, B.Sc., and 
A. H. Betu. London, Manchester, Cardiff and Edin- 
burgh: His Majesty’s Stationery Office. [Price 
2s. 14d. post free.] 





ALMANACKS AND CALENDARS.—We have received from 
Messrs. Brookhirst Switchgear, Limited, Northgate 
Works, Chester, June, July, August and September refil 
cards for their calendar; they are nicely got up, and 
illustrate various t; of their starting pillars and panels 
A daily card-shifting calendar has been sent us by Messrs. 
William Beardmore and Co., Limited, Glasgow. 





DEPARTMENT FOR SCIENTIFIC AND INDUSTRIAL RE- 
sEaRcH.—The Lord President of the Council has accepted 
with much regret the resignation of Sir George Beilby, 
LL.D., F.R.S., after nearly seven years’ voluntary service 
as Director of Fuel Research we? 5 Chairman of the Fuel 
Research Board. The Board was established in 1917 
to investigate the nature, preparation and utilisation of 
fuel of all kinds. The Lord President has appointed 
Mr. C. H. Lander, D.Sc., M.I.Mech.E., A.M.Inst.C.E., 
to be Director of Fuel Research, and Sir Richard Threlfall, 
F.R.S., a present member of the Board, to be chairman. 
The Hon. Sir Charles Parsons, F.R.S., will continue his 
membership of the Board for afurther period. Sir George 
Beilby, we are glad to say, retains his membership of 
the Advisory Couneil of the Department, and has con- 
sented to act as Honorary Adviser to the Board. 
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Tue phonic control regulator of the Cambridge and 
Paul Instrument Company, which we illustrate in 
Figs. 1 to 4 on this page, was one of the exhibits at 
the Royal Society Soirée on Wednesday, May 16, and 
was shown by permission of the Director of the National 
Physical Laboratory. The app&ratus was designed by 
Dr. A. B. Wood, and was especially adapted to drive 
the inverse-rate recorder and plotting chronograph of 
Dr. Walter Rosenhain, of the Laboratory. The direct- 
current motor working this chronograph has to be kept 
at very steady speed, and this object is obtained by 
means of a phonic wheel and a peculiar circular rheostat. 
The instrument is generally available for maintaining 
a motor at constant speed in synchronism with a small 
phonic motor itself driven through a tuning fork. 

Neither the tuning fork nor the motor to be con- 
trolled is shown in our diagrams, of which Fig. 1 gives 
a plan, Fig. 2 a sectional front elevation, Fig. 3 an end 
elevation illustrating the brush gearing, and Fig. 4 an 
end elevation of the worm gear. Of the motor only 
the shaft S and its coupling can be seen in Figs. 1 and 2. 
The motor running at 1,800 r.p.m. drives a worm which 
turns a worm wheel W at 360 r.p.m. The shaft B of 
this worm wheel forms a sleeve on the shaft A which is 
in alignment with the shaft of the phonic wheel P. The 
very simple way in which the two parts of this shaft are 
coupled at C may be noticed; the coupling is simply 
effected by means of a rubber band. The phonic wheel, 
which is of light weight, is driven through a tuning fork. 
To the sleeve B is keyed a disc made of fibre, the 
rheostat disc R.D.; in a groove of the circumference of 
this disc lies the rheostat R, consisting of closely-coiled 
constantan wire. The second disc behind R.D., the 
brush dise B.D., is keyed to the shaft A, but electrically 
insulated from it. To the circumference of this second 
disc is attached a contact brush, a small piece of flat 
spring (not shown in the diagrams); the spring rests 
lightly on the circular rheostat, and is electrically in 
series with the field of the motor throagh the two 
vertical brushes (Fig. 1), one end of the rheostat wire 
being connected to the slip ring S.R. (Fig. 3). 

As long as the motor and the phonic wheel are running 
at the same speed, the brush will be at rest with respect 
to the rheostat, both rotating at the same speed of 
360 r.p.m. If owing to a change of load or other causes 
the motor loses or gains speed, the brush will at once 
be shifted, and less or more resistance will be thrown 
into the field. Thus the rheostat acts as a slightly 
elastic coupling between the motor and the phonic 
wheel. The range of the arc movement of the brush 
on the wire coil is about 300 deg., and the motor will, 
with the rheostat capacity adopted, be corrected for a 
gain or loss of one or two revolutions per minute ; 
greater fluctuations in the load or electric pressure would 
be beyond the control range of the rheostat. At the 
Royal Society Soirée the working of the instrument was 
demonstrated by putting an adjustable brake on the 
motor in order to show that large changes of load can 
be dealt with before the motor falls out of step. There 
is a further device to be mentioned. * In order to make 
the action of the regulator visible a window has been 
provided in the brush dise B.D. (Fig. 3), and a spec- 
trum has been painted on the back of the rheostat 
disc R.D, The diagram shows two window openings. 
lhe colour seen through the windows will depend upon 
the previous adjustment of the brush. But if the colour 
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changes towards either red or violet, the observer will 
know that there has been some fluctuation in the motor 


speed. 








FURTHER EXPERIMENTS ON LARGE-SIZE 
RIVETED JOINTS.* 
By Mr. J. Montcomerti£, D.Se., Member. 
(Concluded from page 730.) 


A sIMILaAR, and slightly extended series of experiments 
was undertaken on the thicker plates of dimensions 
13 in. by 1 in., each joint containing twelve 1}-in. rivets. 
The results of the tests are given in Table ITI. 


Taste III.—1}-In. Rivets. 1-In. Plates. 




















Stress Corresponding 
to Pull Causing Slip 
Pull at. (Tons per Sq. In.). 
Joint.| Riveting. Rivets, | Which Slip 
(Tons). Over In 
Area of | Unpierced 
Rivets. Plate. 
Al | Hydraulic. Tron 
rivets a4 as 20 4:2 3:7 
A2 | Hydraulic. Steel 
rivets ee ir 125 10°5 9-2 
B1 | Pneumatic. Tron 
rivets i ne 40 3°3 2-9 
B2 | Pneumatic. Steel 
rivets és a 30 2-5 2-2 
C1 Hand. Iron rivets. . 60 5-0 4-4 
C2 Hand. Steel rivets. . 50 4-2 3°7 








The curves showing the relation of pull to stretch are 
given in Figs. 10 to 15, page 753, and in each case the 
point at which slip, as previously defined, occurred, is 
marked by a heavy black dot. In this series the point 
at which slip occurs is still lower than in the case of plates 
3 in. in thickness. The average pull causing slip corre- 
sponds to a stress when referred to the area of rivets of 
4-9 tons per square inch, and of 4-3 tons per square inch 
when referred to the area of the unpierced plate. For 
purposes of complete comparison Table IV is appended 
showing these average values in all the cases investigated. 


TABLE IV.—Stresses with Plates of Different Thicknesses. 




















Stress Corresponding 
to Average Pull 
Causing Slip 
(Tons per Sq. In.). 
Joint. 
Over In 
Area of | Unpierced 
Rivets. Plate. 
Treble riveted joint in plates 0-44-in. 
thic’ NP ne + os <a 7-9 9-1 
Quadruple riveted joints in plates 0-58 
in. thick .. ve as =o iF 7-4 8-6 
Quadruple riveted joints in plates 0-75 
in. thick .. oe s Nae e 6-2 6-6 
Quadruple riveted joints in plates 1 in. 
thick “ NE ee us ale 4:9 4-3 





* Paper read before the Institution of Naval Architects, 
March 23, 1923. The paper is accompanied by an 
appendix dealing with the bibliography of the subject, 
which we regret we have not space to reprint.—[Ep. E.] 


It will be seen from the above that the stress corre- 

nding to the pull causing slip is a progressively 
diminishing quantity as the thickness of the plating is 
increased. 
In view of these results, and of the results of that careful 
inspection of the joints previously alluded to, it was 
considered desirable to have several of the joints re- 
riveted with a view to ascertaining the effect of the 
adoption af special precautions to secure efficient contact 
between the surfaces. The joints selected for this were 
Al, B1, B2, Cl and C2 in the plating 1 in. in thickness. 
In the joints Al and Bl the two centre rows of rivets 
were cut out, and in both cases it was found that the 
surfaces of the plates in the vicinity of these rows were 
not in contact, a fact which was borne out by an examina- 
tion of the rivets. The remainder of the rivets were 
then removed, and the plates cleaned, and rolled to 
straighten them. The joints were then _re-riveted. 
In the cases of joints Cl and C2 a special endeavour was 
made to secure a perfectly homogeneous joint. The 
rivets were drilled out; the surfaces were cleaned, and 
all roughnesses at edges of holes and plates removed. 
The plates were then firmly bolted together, heated and 
pressed in an hydraulic press. After cooling, the plates 
were taken apart, eliahel and re-bolted prior to riveting. 
The rivets, which were of iron, were heated in an oil-fired 
furnace, and where hydraulic riveting was adopted the 
riveter was capable of exerting a force of 40 tons, and this 
pressure was kept applied to the rivet for an appreciable 
time after the work was closed. The standard of work- 
manship embodied in these joints was therefore a very 
high one. The joints were taken to the Proving House 
and subjected to the same test as before. The resulis 
are shown in Figs. 10 to 15, and the Tables V and VI, 
show the comparative results on the same basis as 
adopted in the other cases. 

The comparison detailed above presents many features 
of interest. Joint Al, for example, which was originally 
made with iron rivets, hydraulically riveted, was not 
by any means a perfect specimen of joint. The work was 
not entirely closed, and from the form of the rivet points 
it was evident that part only of the energy of the machine 
had been expended along the axis of the rivets. After 
treatment, as described in the text, the point at which 
slip occurred was materially raised. Joint Bl had iron 
rivets in both cases, but hydraulic riveting replaced 

neumatic ; the result shows an increase of the slip point 
rom 40 tons to 70 tons. Joint Cl having iron rivets, 
hand riveted, shows a slight improvement so far as slip 
is concerned, following on re-treatment with steel rivets. 
Joint C2 was hand riveted with steel rivets, and was 
re-riveted hydraulically with iron rivets ; the result was 
an increase in the slip point from 50 tons to 90 tons. 
B2 is perhaps the most interesting case in the series. 
This was a defective joint; the surfaces were not in 
contact and some of the rivets were not sound. A glance 
at the graphs on Fig. 13, page 756, will show the incapacity 
of this joint to form part of a steel structure, even under 
pulls of moderate amount. Almost from the start the 
pulling of the joint was attended by sharp cracking 


TaBLE V.—Joints as Originally Prepared. 





Stress Corresponding 
to Pull Causing Slip 
Pull at (Tons per Sq. In.). 
which Slip 


Rivets. Riveting. 





Joint. Occurred 
(Tons). Over In 
Area of | Unpierced 
Rivets. Plate. 
Al Iron. Hydraulic .. 50 4-2 3-7 
Bl Iron. Pneumatic 40 3°3 2-9 
C1 Tron. Hand we 60 5-0 4-4 
c2 Steel. Hand a 50 4-2 3-7 
B2 | Steel. Pneumatic.. 30 2°5 2-2 











TABLE VI.—Joints as Re-riveted. 





Stress mens mg 
to Pull Causing Slip 
Pull at (Tons per Sq. In.). 


Joint.| Rivets. Riveting. | Which Slip 














Occurred 
(Tons). Over In 
Area of | Unpierced 

Rivets. Plate. 

1 Steel. Hydraulic .. 100 8-4 7°3 

7 { *Joint packed 130 10-9 9-5 
Bl Iron. Hydraulic .. 70 5-9 5°2 
C1 Steel. Hand od 70 5-9 5-1 
C2 Tron. Hydraulic .. 90 7-6 6-7 
B2  /|tIron. Pneumatic 55 4-6 4°0 











* A slight “ give ’ took place at 100 tons pull. 

+ After re-riveting joint inferior to others in this series. Four 
of the rivets disclosed a slight “jar” on testing. Progressive 
pulls were accompanied by audible accommodations of the joint. 


noises, each of which represented a sudden adjustment 
of the material to the stressed condition. The results as 
a whole show the enormous importance of careful work- 
manship on joints made in plates of this thickness. 
They also show the superiority of high-powered hydraulic 
riveting over other forms, particularly when the pressure 
is retained after the work is closed as in boiler practice. 

A very early contribution to the literature of this 
subject states that “in order to bring friction fully into 
play it is necessary that the plates be kept in perfect 
contact until the stem of the rivet be sufficiently cooled to 
have got strength enough to hold the plates and draw 
them still tighter together as it cooled. In hand riveting 
this was done by the blows being continued till the riveted 
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stem was cooled; but with riveting machines operating | 


large rivets and thick plates, it is necessary to keep 
the pressure on the rivet for some considerable time. 
If too soon released the plates could be seen to open from 
the stiffness of the joint stretching the rivet stem. Unless 
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of the joint as practicable in the case of the 1-in. plates. } 


The results are of the same nature as those previously 
determined, and show a concentration and relief of stress 
at the same places (see Fig. 17, page 757). As stated on 
page 728 ante, in addition to the 12 specimens experi- 


this was attended to, the value of the friction was lost | mented upon, the results of which are given above, other 


and the permanent tightness of the joint endangered.” 
The correctness of these observations was fully proved by 
the investigations just described ; in fact, in all the re- 
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riveted joints the adherence factor attained a much 
higher value than in the joints as originally made. 

In the sketches the dotted lines show the extensions 
produced in the solid plate by the pulls to which the 
oints were subjected. The average extension in the 
joint in the case of the }-in. plates is less than the average 
extension of the plating of which it forms part. In the 
case of the l-in. plates a considerable change takes place 
in this relationship; t.e average strain in the joint 
being greater than in the plating. Fig. 16 shows this 
average relationship, corrsctions being made for modulus 
of elasticity and rivet area, through a range of thickness 
of plating extending from 0-58in. to lin. In interpreting 
the results, it is necessary to bear in mind that the thick- 
ness is doubled in way of the overlap, and that conse- 
quently the stress is theoretically much reduced. It 
follows that in all cases there must exist great variation 
in stress-strain conditions from one end to the other of | 
the joint. This occurs in all cases and should be borne in 
mind when attempting to form a conception of the 
efficiency of a riveted connection. In this respect the 

joints in the 1l-in. plates do not compare favourably with 
those connecting plates of more moderate thickness. 

Strain observations were also taken as close to the edges ' 
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five joints were made to determine, if possible, the effect 
of altering the number of rows of rivets and the spacing 
in those rows. These were shown in Figs. 3 and 4. They 
were each formed in 
plates of dimensions 
17 in. by 0-58 in; 
f-in. rivets were used, 
and as the sketches 
show, the number of 
rows was varied from 
1 to 3, and the spacing 
was also varied. All 
were pneumatically 
riveted with iron 
rivets. The results are 
shown in Fig. 18, 


13-65 SQ.INS. 


Figil 





Fig!5. 





Riveting Hydraulic. Rivets 


~ 


Tons Pall. 





0 246 8 HR 4H BW2K UB BW 32H 36 BS #0 2 





and so far as slip is concerned are set forth in 
Table VII. 

These results show a fairly constant relation to area 
of rivets used in each case. The figure for slip when 
related to area of plate shows, however, that for plates 
of the thickness given it requires a treble joint to secure 
uniformity of efficiency as between the plating and the 
joint in parts of a vessel of structural importance, 

It is considered that the results derived from tho 
combined researches on this subject may be stated as 
follows :— 

(1) The assumptions underlying the theory on which 
the design of riveted joints rests are not valid, i.e., the 
load is not distributed impartially among the rivets, 
and a state of uniform stress exists nowhere in the 
joint. 

(2) For pulls up to the point at which slip takes place 
the maximum stress occurs in each plate on that surface 
next the edge of the joint. At this point the stress is 
nearly double the stress in the normal plate. On the 
opposite surface the material is practically relieved of 
stress. The average stress across the section of the plate 
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TaBLe VII.—Effect of Variation in Riveting. 





Stress Corresponding 
to Pull Causing Slip 

















Pull (Tons per Sq. In.). 
Joint.| Riveting. Rivets. a. 
(Tons). Over Over 
Area of Area of 
Rivets. Plates. 
Fl Treble riveted. 
Rivets 3} in. apart 60 6-7 6-0 
F2 | Asin F3, but seven 
rivets in centre 
row os aie 65 7-2 6-5 
F3 | Treble riveted. 
Rivets spaced 4-66 
in. apart .. NE 40 5-6 4-0 
D Single riveted. 
Rivets spaced 3} 
in. apart .. ve 223 75 2-3 
E Double riveted. 
Rivets spaced 3} 
in. apart os 35 5:8 3-5 











at this point is therefore approximately the same as that 
found in the normal plate. ‘ 

(3) For plates up to 0-60 in. in thickness slip takes 
place in the joint when the pull applied, distributed over 
the area of the rivets, produces @ stress figure of from 
7-5 tons to 8 tons per square inch. For plates 0-75 in. 
thick the pull producing slip when referred to the area 
of the rivets gives a stress figure of approximately 6-2 tons 
per square inch; and in plates 1 in. thick this figure 15 
approximately 5 tons per square inch. Up to that point 
the joint behaves as an elastic solid; but the elastic 
qualities of this solid are much more marked in the cases 
of the thinner plates, and they diminish rapidly as the 
thickness of the plating is increased. : 

(4) The pull producing slip when referred to the sec- 
tional area of the normal plate corresponds with a mean 
stress of 9 tons per square inch in the case of plates from 
0-40 in. to 0-60 in. in thickness, to 6-6 tons per square 
inch in plates 0-75 in. thick, and to 4-3 tons in plates 1 in. 
in thickness. 3 7 

(5) For the l-in. plates, as re-riveted with special 
precaution adopted to secure effective contact between 
the surfaces, slip takes place in the joint when the pull 
applied, distributed over the area of the rivets, produces 
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a stress figure of 7 tons per square inch, taking the higher 
value for Al. and 6-5 tons per square inch with the lower ; 
when referred to the area of unpierced plate, the stress 
figures produced are 6-1 tons and 5-7 tons per square 
inch respectively. 


(6) For the thinner plates no appreciable distinction | 


can be drawn in regard to the elastic qualities or ultimate 
strength of the joint in respect of the method of riveting 
adopted or the rivet material used. With the thicker 
plates, however, a material difference is revealed, the 
hydraulic riveting yielding the best results. 

"(7) The average strain over the whole joint does not 


_. See 








| justify the doubt there expressed by his lordship; as 
the thickness of the plates is increased the hydraulic 
system of riveting gains very appreciably in efficiency 
over the others. Particularly is this the case when 
special care is taken in screwing up and in the operation 
of riveting. 

The experiments also show that the factor of adhesion 
diminishes in importance as the thickness of the plating 
is increased. When thick plates are used it becomes 
increasingly difficult to bring the surfaces of the plates 
into real contact. Having regard to all the facts—to 
the wide variation in stress that occurs over the joint 





materially differ from that found in the surrounding | leading necessarily to a pronounced amount of elastic 
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material, except in the case of the 1-in. plating, where 
the average strain over the joint is considerably more 
than that found in the plating. The only two exceptions 
are the two hydraulically re-riveted cases, which at 
moderate stresses give favourable results, see Figs. 10, 
12 and 15, page 756. 

(8) In a lapped joint the outer rows of rivets are more 
severely stressed than the inner rows. 

(9) By adopting precautions for securing ultimate 
contact between the surfaces of the plates as described 
in the text, it is possible materially to raise the slip point 
for thick plates and rivets of large diameter. 


QUAD.RIV. JOINT ‘A 1"USED FOR READINGS X 2" 
AND JOINT C2”(RERIVETED) FOR'C READINGS. 








his research, as previously stated, was undertaken 
as the result of a letter addressed by Viscount Pirrie to 
the committee, the substance of which is quoted on page 
‘28 ante. It remains to be stated that the results generally | 
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the designer in assessing such thick plating at its full 
value. 

In connection with previous experimental work some 
discussion has taken place as to the desirability of design- 
ing riveted connections in steel structures on the basis of 
resistance to slip. In the opinion of the present writer 


such discussion serves no good purpose, as the designing 
of any joint must always remain a matter of practical 
experience or a deduction therefrom, rather than an 
effort of theoretical reasoning. One result of the experi- 
mental work which has been done is to emphasise the 
importance of securing as great an adhesion factor as 
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te ree accommodation in conditions 
of actual service, and to the 
relatively flexible nature of the 
joint itself—it is doubtful if 
there is obtained from thick 
plating that degree of efficiency 
which hitherto has been as- 
sumed to be associated with it. 
Without venturing on too large a 
deduction, it may be said that the results of the research 
point to the advisability of avoiding, if possible, the use 
of isolated plates of great thickness, having in view the 
methods adopted in hydraulic riveting in shipyards ; 
greater efficiency will probably be obtained by material 
of lesser thickness disposed more uniformly. When 
plates approximating to 1 in. in thickness are employed 
the results show that a very substantial increase of 
efficiency may be obtained by taking precautions to 
effect an intimate junction between the plates. 

The most important of these is the maintenance of 
the full pressure of the machine for an appreciable 
space of time after the work is closed. This is not 
done in ordinary practice, but there seems to be little 
doubt that only the highest class of workmanship 
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of this factor, together with the shearing resistance of 
the rivets, and it appears to be certain that these two do 
not act simultaneously. The frictional resistance should 
therefore be as great as possible, and it has been demon- 
strated that for plates of 0-60 in. in thickness it attains 
a value which enables the joint to be regarded as an elastic 
solid within the limits of the working stresses usually 
allowed in ship design. This, it is considered, is a 
valuable asset to the designer, and should be accepted 
as a reason for maintaining, without diminution, present 
practice in respect of the area of rivets in the joint. 





InreRNAL Sup Decoration.—The managers of the 
White Star Line are giving an annual prize for internal 
ship decoration designs for competition among the 
students at Liverpool University School of Architecture. 





ARGENTINE STATE RaLway Extenstons.—The British 
Commercial Secretary at Buenos Aires has informed the 
Department of Overseas Trade that the Argentine 
Minister of Public Works has applied to Congress to 
vote approximately 28,000,000 dols. to be spent on State 
railway constructions during the current year. 
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AN INVESTIGATION OF THE BEHAVIOUR 
OF CERTAIN STEELS UNDER IMPACT AT 
DIFFERENT TEMPERATURES.* 


By F. C. LANGENBERG (Watertown Arsenal, U.S.A.). 


A Cuarpy impact testing machine of 2,170 ft.-lb. 
capacity was selected for testing the steels used in this 
investigation, as being particularly adapted for the rapid 
determination of the energy absorbed in fracturing a test 
specimen of comparatively large dimensions and having 
an abrupt change in section. The Charpy impact testing 
machine, in common with all other impact testing 
machines which have been brought forth up to the 
present time, has not been free from criticism, but in the 
author’s opinion represents the best appliance available 
for the particular problem. The investigation was 
undertaken to determine the differences in the amount 
of energy absorbed in fracture by dynamic stress, or the 
differences in resistance to impact, which are exhibited 
by certain representative steels when they are subjected 
to different temperatures. 

Materials employed in the construction of ordnance are 
used under very different climatic conditions, tempera- 
ture being a decided variable. A thorough knowledge 
of the effect of temperature is therefore a necessity to the 
designer and siotatlangiot in selecting material which will 
be satisfactory under all conditions. Other machinery 
not necessarily connected with ordnance work, such as 
aeroplanes, tractors, automobiles and rolling-stock of all 
classes, is subjected to wide temperature changes which 
have great influence on the physical characteristics of 
the materials of which it is constructed. 

It is evident that all machinery which is operated in 
the open in latitudes where there are wide ranges of 
temperature, such as occur in practically all the northern 
States, will be called upon to resist severe stresses at those 
temperatures, and, in the case of ordnance, automobiles, 
tractors, and aeroplanes, such conditions are liable to be 
exaggerated, since such types of machinery are frequently 
allowed to remain cold for long periods and then suddenly 
placed at work, passing quickly from the lowest atmo- 
spheric temperature to the highest working temperature. 
In the case of aeroplanes the machinery may operate at 
the highest surface atmospheric temperature, and in a 
very short space of time arrive at altitudes where it will 
be exposed to temperatures lower than any experienced 
at ground level. A traction engine or tractor, for 
instance, when cooled by standing idle at an atmospheric 
temperature of — 40 deg. F. (not unusual in certain 
cold climates), may be started and put to capacity in a 
very short space of time, the starting subjecting the parts 
to the severest shocks and impacts. It may be added 
that failures have occurred under such conditions. It is 
thus of the highest importance to manufacturers of 
ordnance, automobiles, tractors, and aeroplanes that 
reliable information be available as to the behaviour 
of materials when subjected to dynamic stresses at 
widely differing temperatures. 

There are many districts where great extremes of heat 
and cold occur. It is recorded at one station in North 
Dakota that in a period of twenty-six years the maximum 
temperature attained was 108 deg. F. and the minimum 

52 deg. F., or a total variation of 160 deg. F. 

Material Investigated.--It was deemed advisable to 
investigate material of a nature in common use and 
representative of the types of steel employed in the 
construction of ordnance and automobile machinery. 
Six steels were therefore chosen representing a high, 
medium, and low carbon steel, a low carbon nickel- 
chromium, a medium carbon nickel-chromium, and a 
medium carbon nickel steel. The analyses of these 
steels were as follows : 


TABLE I.-—Analyses. 
G0SEEL wall Ges es 
Steel. | C. 
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Mn. | Si. Ni. | Cr 
| y | 
| ] | | 
per | per | per | per | Der | per | per 
cent. | cent. | cent. | cent. | cent. | cent. | cent 
A. Average of 3 de- | | | | 
terminations ..) *209/0-42 |0-206/0-016/0-030)1-94 |0-99 
I. Average of 4 de- | | | | 
terminations . .|0+315)/0-41 |0-223]0-045|0-036/3-30 |0-107 
C, Average of 4 de- | | | 
terminations - -|0°363/0-40 0-472/0-015/0-018 1-92 |0-97 
D. Average of 4 de- | | | 
terminations . .|9-363/0-68 |0-260/0-054/0-044/0-35 |0-9 
EK. Average of 3 de- | | | 
terminations . .|6-833|/0-65 |0-123/0-027/0-029/0-24 |0-04 
G. Average of 3 de- } | | | 
terminations ..|0-176/0-69 dimes lec teed a ‘iat 
Methods of Testing.—To ascertain the degree of 


uniformity of the material, 64 in. was cut from the ends 
of each bar and annealed in order to provide two speci- 
mens from each original length to be tested at normal 
temperature. The anneal was similar to that adopted 
for the temperature tests. These lengths were machined 
into Charpy transverse test specimens. 

Table II, in the next column, gives the significant 
results obtained from this series of tests. 

The divergences from the average result of test 
expressed in foot-pounds are averaged and shown in 
Table II as the mean divergence. The mean divergence 
is also expressed as a percentage of the average. Both 
the maximum divergences above and below the average 
are given in foot-pounds and expressed as percentages 
of the average. 

In this investigation tests were made on three test 
specimens of each composition, in both annealed and 
heat-treated conditions, and at each temperature. The 





* Abstract of a paper read at the meeting of the Iron 
and Steel Institute on Friday, May 11. 


specimens of any one steel tested at a given temperature 
were not adjacent in the same bar, but were distributed 
throughout the entire amount of the material used in the 
test. After the end test specimens from each bar had 
been tested for uniformity, the remaining material was 
TaBLe Il.—Annealed End Bars. 

ali | [gs Bs : 

a | g ; . Pay fy f . 

=| ® | Bs | = | 4) ¢ zz = 3 

8 ei | o/E.| 318.] o | & 

ah § | As s & e = & e : 

fie /& |ee|& | ee| a | 

¢ |é 2s 5 : 

a |A | Aa 7 a 4 

A |447-85| 25-36] 5-6 | 46-16| 10-9 | 59-01] 19-2 | 14 

B |159-97| 18-98] 11-2 | 29-53] 18-3 | 40-99] 25-6 | 12 

C }192-99) 8-6 4-4] 17-41) 9-0 | 11-45) 5-9 13 

D | 33-62) 4-78) 14-2 | 13-03) 38-7 7°01| 20-8 12 

E | 20-24) 1-74) 8-59] 3-05] 15-0 3°61) 17-8 5 

G | 59°87 2°91) 4-86) 1-98) 3:3 — 14-6 6 
laid off into 6}-in. lengths suitable for machining into 
Charpy test specimens, and each 6%-in. length was 
marked according to a system which indicated the steel, 
the teinperature at which tested, the heat treatment, its 
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TABLE III.—Tenstte Properties at NORMAL TEMPERATURE. 























taking the significance of 0-20 carbon. The first figure 
denotes the number of the test specimen, also denoting 
the heat treatment (odd numbers indicating annealed, 
and even numbers quenched and drawn); the second 
letter denotes the temperature at which the specimen 
was tested, the number immediately following it desig- 
nates the position of the specimen in the bar, and the final 
figure denotes the original bar from which the specimen 
was cut. 

Thus, legend AlX22 designates Steel A, test specimen 
1 in the annealed condition, tested at temperature X 
or 750 deg. F., and the second test specimen cut from 
the original bar 2. This method provided a complete 
record of the specimen, enabling its history to be traced 
in detail from the original bar from which it was derived. 

The tensile oe ae of the material at 75 deg. F. 
were ascertained by testing six tensile specimens from 
each grade of steel, distributed throughout the entire lot. 
The location of one of these tensile specimens can be seen 
in Fig. 1, indicated by the letter T. Of these six tensile 
specimens, three were annealed and three were quenched 
and drawn before machining, the heat treatment given 


| in each case being identical with the heat treatment to 


which the impact specimens used in the temperature 
impact tests were subjected. The stress-strain diagrams 
up to the yield-point are shown in Fig. 2, and the tensile 
properties obtained are given in Table III. 

In regard to annealing and heat treatment, the original 
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| 1 
Steel A. Steel B. | Steel C. Steel D. | | Steel7G. 
| | 
| | } ne 
Steels. Gs. | ai: | ©, Mn. | . | mm. | ¢, Mn. C. Mn. 4 Mn. 
| 0-21. | O-42. | 0-31. | 0-41. | 0-36. | 0-40. | 0-36. | 0-68. | 0-82. | 0-62. | 0-17 | 9-60. 
1 ie ah a a | Nes 
Ni. | - Cr. Ni. Cr. | Ni. Cr. | Ni. Cr. | Ni. ce |} Ni} &. 
1-94. | 0-99, | 3-30, | 1-93. | 0-98. | | | 
| | ' 
| Annealed. Average of Three Specimens. 
Yield-point, 1b. per sq. in... | 40,000 45,500 ' 42,500 | 35,500 35,850 26,500 
Tensile strength, Ib. per sq. | | | | 7 
in... -* ae ae! 65,850 | 76,350 | 89,150 71,500 100,000 | 50,350 
Elongation in 2 in., per cent. 30-6 | 24°5 21-3 25-6 | 13-0 | 38-2 
Reduction of area, per cent. 58-9 | 41°3 | 41-3 j 39°2 | 13°4 63-1 
Fracture ae a Silky | Silky Silky Silky Granular Silky 
| Heat-Treated. Average of Three Speciinens. 
Vield-point, Ib. per sq. in.. .! 50,750 77,650 | 101,500 } 7,500 93,500 33,000 
Tensile strength, Ib. per sq. | | | | ¥ 
Whe: iss $76 ss ah 81.500 | 99,350 | 122,650 | 81.650 151,850 57,350 
Elongation in 2 in., per cent. 21-0 | 20-1 | 26-0 11°8 i 35°6 
Reduction of area, per cent. 67-0 58-1 60-6 26-2 | 69-2 
Fracture oe ys é Silky ! Silky serrated Silky Granular Silky 








position in the bar, and the original bar from which it | 
came. The method is indicated by the example of an 
original bar shown in Fig. 1. In this the end bars 
carry the original mill inarkings, with the addition of a 
serial number. The first letter of each marked section | 








of the remaining bars denotes the grade of steel, A thus | 





bars were first cut into lengths suitable for the furnace, 
as indicated in Fig. 1, and annealed. The material 
for test specimens in the heat-treated condition was 
subsequently quenched and drawn. Thus it will be seen 
that the material was annealed and heat-treated when 1n 
lengths of about 3 ft. or 4 ft., except in a few cases where 
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it was necessary to cut off single 6}-in. lengths to carry 
out the original scheme. 

Temperatures of all heat treatments were controlled 
by means of base metal thermocouples, recording on 
Leeds and Northrup recording potentiometers. The 
furnaces were oil-fired. 

All material, regardless of subsequent treatment, was 
first annealed as follows :— 


Steel : 

A. Heated to 1,652 deg. F., held 14 hours, and 
cooled in furnace. 

B. Heated to 1,652 deg. F., held 14 hours, and 
cooled in furnace. 

C. Heated to 1,652 deg. F., held 1} hours, and 
cooled in furnace. 

D. Heated to 1,652 deg. F., held 1} hours, and 
cooled in furnace. 

E. Heated to 1,553 deg. F., held 1} hours, and 
cooled in furnace. 

G. Heated to 1,697 deg. F., held 14 hours, and 
cooled in furnace. 


Fig.3. TENSILE SPECIMEN. AREA=2 SQ./NCH. 
ry Gage "| WT hdis.per In. U.S.S¢@. 






































Steel C, being a medium carbon nickel-chromium alloy, 
is often used for heat-treated forging and machine parts, 
and is selected by many engineers because of its suscepti- 
bility to greater penetration of the effect produced by 
heat treatment than a simple nickel alloy steel. This 
steel received the same treatment as Steel B, and a yield- 
point of 101,500 lb. per square inch obtained. It will be 
noted that both Steels B and C were subjected to a simple 
quench followed by a tempering or drawing operation, 
the steels, however, having been annealed before heat 
treatment. 

Steel D is often used for plain carbon steel forgings, 
and received a simple quench and tempering treatment. 

Steel E represents a plain carbon steel of a carbon 
content which might be encountered in certain classes 





of springs, as well as in tools. This steel was quenched 
in oil from 1,472 deg. F. and tempered at 842 deg. F. 


| A higher tempering or drawing temperature was selected 


|than would be utilised for tools, in order to facilitate 


machining, and, moreover, certain springs of this com- 
position are tempered at approximately this temperature. 
Steel G is a simple low-carbon steel which can be used 
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cooled to the lower temperatures by the direct addition 
of carbon dioxide snow. 

Temperatures from 90 deg. to 350 deg. F. were obtained 
in a Freas constant temperature electric oven, and from 
500 deg. to 1,000 deg. F. in a Hoskins Type F B electric 
muffle furnace, the apparatus being placed as near to 
the impact testing machine as was convenient. 

The temperature of the test specimens was ascertained 
in each case as follows: Temperatures from 0 deg. to 
350 deg. F. were measured by the use of specially-made 
mercury thermometers. From — 80 deg. to 0 deg. F. 
specially made alcohol thermometers were used. A 
hole was drilled longitudinally in a dummy specimen 
to allow of the insertion of a thermometer, the hole 
being of such a depth that the bulb of the thermometer 
was located opposite the notch (see Fig. 4). The inter- 
vening space between the material of the dummy 
specimen and the bulb of the thermometer was closely 
packed with powdered metallic magnesium, thus avoiding 
air spaces between the specimen and the thermometer. 
Magnesium powder was chosen for this purpose because 
its specific heat closely approximates that of steel. 
In actual testing the dummy specimen was placed in the 
bath or oven together with the actual test specimens. 
Oven and bath temperatures were determined directly. 
When the dummy specimen had reached the desired 
temperature and this temperature had remained constant 
for a considerable period, a test specimen was withdrawn 
and tested. Since previous experiments with several 
dummy specimens in both bath and oven indicated great 
uniformity, it is believed that the actual temperatures of 
the test specimens closely approximated that of the dummy. 





Temperatures from 500 deg. to 1,000 deg. F. were 








Fig. 5. TEMPERATURE CURVES SHOWING CHANGE OF TEMPERATURE OF SPECIMENS AS A FUNCTION OF TIME. 


The material to be tested in the heat-treated condition | 
was then treated as follows :— 

Steel A: Heated to 1,580 deg. F., held 1 hour ; | 
quenched in oil 5 minutes; reheated to 1400 deg. F., 
held 1 hour ; quenched in oil 5 minutes; reheated to | 
500 deg. F., held 1 hour; cooled in air. 
Heated to 1,517 deg. F., held 1 hour; quenched in oil 
5 minutes; reheated to 1,112 deg. F., held 1 hour; 
cooled in furnace. Steel C: Heated to 1,517 deg. F., 
held 1 hour; quenched in oil 5 minutes; reheated to 
1,112 deg. F., held 1 hour; cooled in furnace. Steel D ; 
Heated to 1,562 deg. F., held 1 hour; quenched in water 
1 minute; reheated to 1,112 deg. F., held 1 hour; 
cooled in furnace. Steel E: Heated to 1,472 deg. F., 
held 1 hour; quenched in oil 5 minutes; reheated to 
842 deg. F., held 1 hour; cooled in furnace. Steel G ; 
Heated to 1,652 deg. F., held 1 hour; quenched in oil 
5 minutes; reheated to 1,400 deg. F., held 1 hour; 
quenched in oil 5 minutes; reheated to 500 deg. F., held 
1 hour; cooled in air. 

The annealed and heat-treated material was then 
machined into Charpy test specimens. 

Steel A, a low carbon nickel-chromium steel commonly 
used for work which is to be carburised, was heated to 
1,580 deg. F. and held 1 hour, and then quenched in oil, 
to approximate the carburising treatment. After this 
operation it was reheated to 1,400 deg. F., quenched in 
oil, and drawn at 500 deg. F., in order to approximate 
the treatment given to a carburised part made of this 
material. In other words, Steel A as tested in the heat- 
treated condition represented the condition of the core 
of a case-hardened article made from a steel of a similar 
composition, 

Steel B, representing a medium carbon nickel alloy 
steel, such as is generally used for parts requiring strength 
and toughness, was quenched in oil from 1,517 deg. F. 
and reheated to 1,112 deg. F. for 1 hour. By this treat- 
ment the steel acquired a condition which gave a yield- 
point of 77,650 lb. per square inch, and a tensile strength 
of 99,350 lb. per squareinch. A relatively high tempering 
or draw temperature was selected for this composition 
in order that a reasonably high resistance to impact 
might be expected, and at the same time average tensile 
properties obtained. It should also be noted that steels 
of this composition are extensively used in gun con- 





struction, and the tensile properties as given in Table ITI. 
are those frequently encountered in this class of work. 


| of ice, salt and calcium chloride. 


for a large variety of case-hardened parts, being also 


|employed in the manufacture of tubes and other cold- 


rolled and drawn shapes. A heat treatment was chosen, 
however, which would leave this steel in a condition 
similar to that of the core of a case-hardened article made 


Steel B: | from a steel of this composition. 


After the heat-treatment operations the material was 
cut into 6}-in. lengths and machined into Charpy test 
specimens and tensile test specimens, as shown in Fig. 3. 
The Charpy test specimen had the dimensions recom- 
mended by Charpy, except that the length was reduced 
by 5 mm. in order to give absolute clearance from the 
anvil of the testing machine. Great care was taken to 
cut the notch in the same relative position in each test 
specimen as regards the original rolled bar. 

Testing Machines Used.—The tests were made on a 
Charpy pendulum machine of a capacity of 2,170 ft.-lb. 
The weight of the pendulum was 212-45 lb., the radius 
of centre of gravity 5-33 ft., and the velocity of impact 
was 25-77 ft. per second. The foot-pounds were com- 
puted from the excess angle, and corrections were made 
for friction, air resistance and projection of the broken 
fragments. The excess angles were read by two in- 
dependent observers from a scale and estimated to 
+ tenths. The tensile test specimens were tested on the 
United States Government Emery testing machine at 
Watertown Arsenal, elongations being measured with a 
Berry extensometer. Brinell tests were made on an 
Alpha Brinell machine using a 10-mm. ball and 3,000 kg. 
pressure; the impressions were made on the broken 
Charpy specimens. 

Methods of Obtaining the Desired Temperatures.— 
Three specimens of each steel in both the annealed and 
heat-treated conditions were tested at the following 
temperatures: — 80 deg., — 60 deg., — 40 deg., — 20 
deg., 0 deg., 15 deg., 32 deg., 50 deg., 70 deg., 90 deg., 
110 deg., 130 deg., 150 deg., 175 deg., 200 deg., 
225 deg., 250 deg., 350 deg., 500 deg., 750 deg. and 
1,000 deg. F. 

Temperatures from 50 deg. to 0 deg. F. were obtained 
in the actual tests by favourable atmospheric conditions 
during the winter of 1921 and 1922; temperatures from 
— 20 deg. to — 80 deg. were obtained by the use of 
carbon dioxide snow. The specimens were immersed 
in a bath of acetone which was, to begin with, cooled 
to 0 deg. F. by means of immersion in a freezing mixture 
The acetone was then 





ascertained by means of a standard platinum-rhodium 
thermocouple inserted in the centre of the notch of the 
actual test specimen (no dummy being used in this 
temperature range) and packed with asbestos wool. 
thus bringing the hot junction of the thermocouple into 
contact with the steel of the test specimen at the bottom 
of the notch. Millivolts were read on a Leeds and North- 
rup precision potentiometer. The temperature of the 
muffle furnace was also recorded by a base metal couple 
and read directly in degrees Fahrenheit on a Leeds and 
Northrup recording potentiometer. 

The change of temperature which the test specimens 
underwent during the time interval between the moment 
of removal from the heating or cooling media to the 
moment of impact in the actual tests was determined by 
an exhaustive series of experiments. A dummy test 
specimen with thermometer inserted, as previously 
described, was heated or cooled to the various tempera- 
tures adopted in the tests. The specimen was then 
transferred to the anvil of the testing machine and the 
change of temperature recorded per second of time. 
From a large number of experiments made at each 
temperature, cooling or heating curves were obtained 
from which a close approximation of the loss or gain of 
heat of the test specimen per second was available. 
Typical curves are shown in Fig. 5. 

During the actual tests the time in transference of the 
test specimen from the heating or cooling media was 
determined by means of a stop watch, and thus the actual 
temperature at the moment of impact ascertained. 
Table IV (page 760) shows the average time in seconds 
during transference for the tests at the various tem- 
peratures. 

This table shows that the change in temperature due 
to the loss or gain of heat by the specimen during transfer 
from the heating or cooling media to the testing machine 
is in general quite small, and is not sufficient to cause 
the results of tests at the nominal temperatures to be 
questioned. In the case of the three highest test tem- 
peratures, however, the loss of heat is noticeable, but it is 
considered that the general conclusions are not affected 
thereby. 

Dimensions of Test Specimens.—Each test specimen 
was carefully measured before test, and the area of cross- 
section at the notch computed from the average of three 
measurements taken at each end and centre of notch. 
The average area of cross-section at notch of the 733 test 
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TaBie IV. 





Average Time 
in Seconds 
to Impact. 


Temperature Loss of Heat 
Deg. F 


Gain of Heat. 
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15-0 
14°9 
13-1 
12-1 
11-1 
10-3 
10-1 
10-0 
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22°5 
16°5 
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specimens taken was 0-6889 sq. in. The mean divergence 
from this average was 0-0031 sq. in., or 0-45 per cent. of 
the average. The maximum divergence above the 
average area was 0:0181 sq. in., or 2-62 per cent., and the 
maximum divergence below the average area was 0:0159 
sq. in., or 2-30 per cent. It was considered that diverg- 
ences from the average of this order of magnitude were 
not sufficient to affect results materially, and therefore 
results of tests have been accepted as fairly comparable 
as regards ruptured area. 


(To.be continued.) 








THE PHYSICAL SOCIETY OF LONDON. 


Ar the meeting of the Physical Society of London, 
held on May 25, at the Imperial College of Science, 
Mr. Alexander Russell, M.A., D.Sc., in the chair, the 
following papers were read and discussed :— 

1. A paper on “ The Effect of Torsion on the Thermal 
and Electrical Conductivities of Metals,” by Professor 
C. H. Lees, D.Sc., F.R.S., and Mr. J. E. Calthrop, B.A., 
B.Sc., was read by Professor Lees. This paper described 
a method which enables the effect on the thermal conduc- 
tivity of a wire of twisting the wire to be measured. In 
each of the steel, aluminium, copper and lead wires 
tested the twist decreases the conductivity along the wire 
by a small amount which is approximately proportional 
to the square of the twist per unit length. The change 
of electrical conductivity is found to be in general less 
than the change of thermal conductivity, but is also 
approximately proportional to the square of the twist 
per unit length. 

Discussion.—Mr. C. R. Darling said that the method 
described seemed an admirable one, but wished to 
know whether the wires were annealed before the experi- 
ment? The initial condition of the specimens would 
doubtless affect the results obtained, and might account 
for the discrepancies between the conclusions arrived at 
by different observers. 

Mr. Rollo Appleyard also referred to the effect of anneal- 
ing the wire under test, and added that the effect of 
stretching on resistance is at least as important as that 
of twisting. In stranding copper wires for a cable the outer 
wires are stretched as well as twisted, and any permanent 
increase of resistance due to such causes is of some 
consequence in practice. It would be interesting if the 
experiments could be carried out on a large scale, instead 
of on a laboratory scale. Professor A. O. Rankine 
inquired whether the effect differs according as the 
direction of twist is clockwise or counter-clockwise as 
viewed in the direction of flow of the heat or electric 
current. Mr. F. E. Smith suggested that the experiments 
might be simplified by means of an arrangement for 
producing a potential difference between the two clamps 
employed at the ends of the wire. The necessary heat- 
ing would be effected by the current thereby set up along 
the wire, which would have a maximum temperature 
at its middle point owing to the cooling effect of the 
masses of metal at its ends. The required thermal 
and electrical measurements could be made by means 
of wires twisted on to the principal wire as described 
in the paper. 

Dr. Alexander Russell expressed his admiration for the 
methods of measurement devised by the authors. He 
pointed out that the twisting of the strands in a stranded 
cable produces a somewhat similar effect. For example 
in a seven-strand cable the centre strand is straight and 
the other six strands form helices enclosing it. If r be the 
resistance of the central strand the resistance of the cable 
is greater than r/7, for the bulk of the current continues 
to flow along the helical stands and little of it flows from 
strand to strand. Hence, if the “‘lay”’ of the helical 
strands be 1 in n (¢.e., if the pitch of a helical strand 
be n times its diameter) then the resistance R of the cable 
is given by 

1/R = ifr + 6/4 (14 7)t\ 
al la = ’ 
( nz} J 
and thus 
WR = (7/r) (I — 3 32/7n2) 


approximately when (7/n)2 is small. Hence, the diminu- 
tion of the conductance of the cable due to the lay of the 
wires is proportional to the square of the twist. 
Professor Lees, in reply to the discussion, said that 
the wires were soft and not annealed. The object of 
the experiments was to test the electron theory of con- 
duction, and it was sufficient for this purpose that the 
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state of the wire should merely be the same for the 
electrical as for the thermal measurements. The large 
scale tests which had been suggested presented attractions 
for the engineer, but any accuracy lost by performing 
the experiments on a small scale was fully compensated 
by the more precise methods available in a laboratory, 
while the relatively small cost of the latter methods was a 
serious consideration to the physicist. The effect of 
stretching had been investigated by Johnstone, and a 
reference to his work was given in the paper. The thermal 
conductivity was increased by stretching while the elec- 
trical conductivity was diminished—another instance of 
failure in the relation predicted by the electron theory. 
Professor Rankine’s suggestion was an interesting one. It 
had been considered, but rejected as improbable ; it might, 
however, be worth investigation. The method suggested 
by Mr. Smith was somewhat similar to that of Jager and 
Diesselhorst, but the latter required the thermal flow 
to pass through joints, and inaccuracies arose from this 
circumstance. As regards stranded cables, the effects 
of twisting and stretching were in opposite directions for 
thermal conductivity, but aided one another in the case 
of electrical conductivity, so that the matter would 
probably repay investigation. 

2. A paper on “ The Use of the Wien Bridge for the 
Measurement of the Losses in Dielectrics at High Voltages, 
with Special Reference to Electric Cables,’’ was read by 
Mr. A. Rosen, B.Sc., A.M.I.E.E. Of this paper the 
following is an abstract: In the preliminary section, 
the loss angle of an imperfect condenser is defined, the 
equations for the Wien bridge are derived, and the effects 
of variations of frequency and voltage on the balance 
are discussed. One of the difficulties in the application 
of large potential differences to a bridge is the effect on 
the arm which has to withstand the high voltage. In the 
arrangements due to Monasch and Schering, this arm is 
the known condenser; in the bridge as used by the 
author, the voltage is applied to the ratio coils. The 
errors introduced by earth impedance are eliminated by 
using the Wagner auxiliary bridge. 

The applications to measurements on cables ar con- 
sidered, and the use of the double bridge in determining 
the ‘‘ wire-to-wire”’ and ‘“ wire-to-sheath ”’ losses in a 
multi-core cable is described. In two Appendices the 
corrections due to imperfections of the bridge arms are 
discussed, and a simple quantitative theory of the double 
bridge is given. 

Discussion.—Dr. E. H. Rayner said the description of 
some of the methods available for what was an increasingly 
important branch of electrical measurements was very 
useful to have on record. He would like to point out 
one or two practical details more as a warning than a 
criticism. The author suggested a series of iron-cored 
inductances for a potential divider. It was to be remem- 
bered that the important region of phase angle in this 
kind of work was from about 2 deg. to zero, and any want 
of accuracy or similarity in subsidiary apparatus might 
become of first importance. He would not trust to any 
iron-cored inductances with joints in the iron. Their 
experience with nominally exactly similar potential 
transformers, which might make excellent potential 
dividers, was to the effect that their phase-angles might 
differ in the ratio of 3 to 2, and he was informed that 
the value can be made to vary by a hammer blow which 
may open or close the iron joints. 

Another point to beware of was distributed capacity 
in the 500,500 ohm potential divider, either from the 
sections to earth or between sections. The same applied 
to the series resistance of the Duddell wattmeter. At 
50 ~ it may be negligible; but it was one of the most 
difficult technical points to deal with, and the use of 
condensers, which were much more “ pure” than re- 
sistances or inductances, was always a great point in their 
favour when phase angles of minutes or seconds were of 
importance. 

Mr. L. Hartshorn: Having made many measurements 
of dielectric losses with the Wien Bridge and the Schering 
Bridge, he was surprised to find that Mr. Rosen had used 
the Wien Bridge for high voltage tests, instead of the 
Schering one. Grebe and Zickner have shown that the 
Schering Bridge is capable of giving great precision under 
suitable conditions, and the saving of time in doing away 
with the necessity of an auxiliary balance was very con- 
siderable. It seemed unlikely that it was more difficult to 
make a condenser to stand the high voltages than a 
resistance. Could not the condenser constructed out of 
sheet iron by the author be used for this purpose? As 
the resistance arms can be kept very small while the 
sensitivity remains quite adequate at such high voltages, 
the effect of the earth impedances on the low-tension side 
should not prove to be serious, provided it was made as 
small as. possible by a suitable arrangement of the 
apparatus. An important advantage of the Schering 
Bridge was that it required very little power. The re- 
sistance arms carry but small currents, so that they can 
be small and shielded, whereas the large resistances used 
by the author would, as Dr. Rayner pointed out, have 
considerable distributed capacity to earth, and as the 
Wagner earthing device only compensated for capacities 
to earth concentrated at the corners of the bridge, this 
bridge was not likely to be entirely free from error due 
to earth impedances. If comparative tests could be 
made, workers on dielectric losses would be glad to know 
how the two bridges compared as regards accuracy. In 
the matter of making the adjustments the Schering Bridge 
was unquestionably simpler. 

The author’s reply will be printed in the Proceedings 
of the society. 

3. ““An Experiment on the Production of an Inter- 
mittent Pressure by Boiling Water,’’ was demonstrated by 
Mr. Charles R. Darling, F.Inst.P., F.I.C. If a glass tube, 
open at both ends, and of about 5 mm. bore, be placed in 
a beaker of briskly boiling water so as to rest on the 
bottom of the beaker, steam bubbles will be observed to 








form at the point of contact, causing the water to rise 
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to a definite height in the tube. The column of water thus 
raised sinks after a time, and then rises again, the rising 
and falling occurring at irregular intervals. If, however, 
the tube be narrowed to a bore of about 1 mm. near the 
top of the water, and widened out considerably just 
above the water surface, it will then be seen that the 
phenomenon becomes regular in action. After rising 
to the height of about 3 cm. in the widened part, the water 
discharges back again into the beaker, and aiter a short 
interval again rises and is discharged, the cycle being 
repeated indefinitely. 

The explanation appears to be that the water is super- 
heated at the points of contact of the tube and beaker, 
so that the steam produced can sustain a higher pressure 
of water. When the water reaches the widened part, 
however, it is cooled and increases in density until the 
extra steam pressure at the bottom of the tube is over. 
come, when it discharges completely. The capillary bore 
slows down the rate of flow in both directions, and so 
causes the movements to be steady. A separating 
funnel with open tap and short stem is well suited to the 
experiment. It will be observed that the arrangement 
constitutes a simple heat engine, with source and sink, 
automatically passing through a regular cycle of opera- 
tions, and forms a useful lecture demonstration of the 
conversion of heat into work. 

4, A demonstration of ‘‘A Novel Instrument for 
Recording Wireless Signals”? was given by Mr. N. W. 
McLachlan, D.Sc., M.I.E.E. The device consists 
essentially of a drum of Swedish iron with an annular 
recess in which are situated coils of fine wire, the ends 
of the coils being connected to corresponding slip rings. 
The periphery of the drum is faced with cast-iron rings 
which are machined to run true to 0-0001 in. A small 
steel shoe rides on the rings, and side play is prevented 
by a brass guide-piece with a projection which fits into 
the annular recess. At each end of the guide-piece a hook 
is formed, and one of the hooks is connected by a light 
rod to a duralumin lever pivoted to turn in an horizontal 
plane. A silver syphon passes through the lever from 
an ink well overhead and rests lightly on a moving 
paper tape. To the other side of the lever is attached 
a strong spring whose tension can be varied, while the 
remaining hook is attached to a light spring which 
prevents the shoe from rocking on the drum. 

The drum is revolved by a small electric motor, and 
when a current flows in one of the coils the shoe is 
attracted to the drum and a large pull is required to 
prevent relative motion of the two. This pull is used to 
actuate the syp..on lever mechanism so that the trans- 
verse movement over the paper tape inscribes the 
incoming message as a series of rectangles, the tops of 
which represent the dots and dashes of the Morse code. 

The tangential pull on the shoe is many times that 
calculated from the formula » B2A/87, where p= 
coefficient of friction, B = flux density at shoe contact, 
and A = area of contact. The ratio of the actual to 
the calculated pull depends on the flux density, and has 
a maximum value of about 80 for steel or cast-iron. 
Owing to this phenomenon, which gives amplification, 
and to the fact that there is no air-gap in the magnetic 
circuit through the shoe, the instrument is extremely 
sensitive, and will work at a speed of 150 words a minute 
with a current of 25 micro-amperes. It will work in a 
thermionic valve circuit, and for wireless it is fitted with 
relay contacts so that incoming messages in Morse may 
be relayed to a printing or other machine direct. 





INTERNAL -COMBUSTION ENGINE CAMS; ERRATA.— 
Page 642, column 1, near bottom, for—Referring to 
Fig. 5— 

bsin d = asin 6, 


read—Referring to Fig. 5— 
f sin @ = asin 0. 


Page 643, column 1, near middle, for the right-hand side 
of equation (12), read 
| (12) 


= (FL a cos 6 - 
dt 


THE ELECTRONIO THEORY OF VALENCY.—We are 
asked to make a preliminary announcement regarding 
the general discussion on the above subject being arranged 
by the Faraday Society, to be held at Cambridge on 
July 13 and 14 next. Professor G. N. Lewis will open 
the proceedings on the Friday afternoon with a general 
introductory address, and he will probably be followed 
by Mr. R. H. Fowler, who will contribute a paper intended 
to open discussion on the physical and inorganic side of 
the subject. Among those expected to speak are 
Sir J. J. Thomson, who will be in the chair; Sir Ernest 
Rutherford, Sir William Bragg and Professor W. L. 
Bragg. The Saturday morning session will be devoted 
chiefly to applications of the theory in organic chemistry. 
Sir Robert Robertson, president of the society, will 
ae ag and opening papers will be given by Professor 

. M. Lowry and Dr. N. V. Sidgwick. Among those 
expected to speak are Professor W. A. Noyes, Sir William 
Pope, Professor A. Lapworth, Professor I. M. Heilbron, 
Dr. W. H. Mills, Professor J. F. Thorpe and Professor R. 
Robinson. On the Friday evening a complimentary 
dinner will be given to Professors Lewis and Noyes and 
other guests at Trinity Hall. ‘Arrangements are being 
made to accommodate those attending the meeting in one 
or other of the colleges, and it will be possible to include 
a limited number of non-members of the society. Particu- 
lars may be had from the Secretary of the Faraday 
Society, 10, Essex-street, London, W.C. 2, to whom 
applications should be made at once. 


a2 {a2 sin @ + b2 cos 2 6} 


{62 — a2 sin? 6}? 











